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Olaus Roemer, the great Danish astronomer, was a contem- 
porary of Sir Isaac Newton. He was born at Aarhuus in Jut- 
land, September 21, 1644, and died at Copenhagen, September 
23, 1710, thus attaining the age of sixty-six years. Newton was 
about two years old when Roemer was born, and he outlived 
him seventeen years. Roemer’s life had such momentous signifi- 
sance for astronomy and physics, that it is difficult to under- 
stand why he is relatively little known to modern readers. It is 
not easy to find an adequate account of his career, and the writer 
had no where seen a picture of him until Professor T. N. Thiele, 
the distinguished Director of the Royal Observatory of Copen- 
hagen, kindly furnished one, which is herewith reproduced for the 
readers} of POPULAR ASTRONOMY. 

Roemer may be regarded as one of the greatest of scientific gen- 
iuses, taking rank with Aristarchus, Archimedes and Hipparchus 
among the Ancients, and with Galileo, Newton and Bessel among 
the Moderns. His career is therefore of especial interest to those 
whostudy the introduction of original conceptions, upon which all 
scientific progress so entirely depends. Itis not enough for a man 
of science to have a scientific ideal based upon hewing wood and 
drawing water. For it has been justly remarked that our every- 
day duties of a routine character render the average astronomer 
a brick-layer rather than an architect, and sometimes it is advis- 
able to view the constructive work of the past as a whole, in 
order to get a perspective view of the great work; so that we 
may, if possible, rise to a higher ideal, and perhaps get a clearer 
understanding of the best method of dealing with contemporary 
problems in science. 

Probably no real thinker is a believer in the doctrine that even 
now all the great discoveries are past, and yet it is obvious that 
~ * Read before the Philosophical Society of Washington, April 11, 1903. 

+ A general resemblance between Roemer and Newton has been noticed by 


several persons who have compared this plate with the well known engraving 
given in Brewster’s Life of Newton. 
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any man who is wholly occupied with small details, will never 
achieve a discovery of importance. The advancement of discov- 
ery, which is the chief object of science, requires philosophic pene- 
tration in conceiving new ideas and calm meditation and persist- 
ence in applying them, with only a very moderate regard for con- 
temporary opinion; yet unfortunately this quality often fails to 
be awakened in the maturing mind, on account ‘of undue defer- 
ence to reputed authorities, or the real or supposed necessity of 
favor and popularity in certain high circles. 

The career of Roemer was that of a real discoverer, and the 
novelty of his views or the unpopularity of his theories was no 
obstacle to the free working of his luminous and daring intellect. 
He commands the admiration of the ages—one of the great orna- 
ments of mankind who shine with increasing lustre from century 
to century! 

Roemer began his career with a thorough course in mathemat- 
ics and astronomy under Erasmus Bartholinus at the University 
of Copenhagen. When the illustrious French astronomer Picard 
visited Copenhagen in 1671 with a view of determining the geo- 
graphical position of Tycho Brahé’s Observatory, called Urani- 
burg, on the island of Huen, he chose young Roemer as his assist- 
ant. And when Picard returned to Paris in 1672, Roemer accom- 
panied him, and spent the following nine years in France, occu- 
pied with observations at the new Royal Observatory just 
established under J. D. Cassini, and also with hydraulic works at 
Versailles and Marly. 

It is well known that Picard was the real scientific genius of 
the Paris Observatory, and yet as frequently happens he held a 
subordinate position in that establishment, and pursued his 
labors amid many difficulties and with such consecration as 
genius alone can extract from unfavorable surroundings. The 
account given by Grant in his History of Physical Astronomy, 
of the founding of the Paris Observatory, and of Picard’s con- 
nection therewith bears so directly on the career of Roemer, that 
it may be appropriately quoted at length: 

“The establishment of the national observatories of Paris and 
Greenwich immediately followed the remarkable improvements 
in practical astronomy above alluded to. The Royal Observa- 
tory of Paris was commenced in 1667, but was not finished be- 
fore the year 1671. It was a building of great magnificence, de- 
signed by Claude Perrault, the famous architect of the Louvre ; 
but it was constructed without due regard to the purpose for 
whicli it was intended. It consisted of a quadrangular pile 
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flanked by two massive towers. No means were provided in the 
construction of the building for enabling the astronomer to ob- 
serve the celestial bodies at all altitudes, by means of instru- 
ments sheltered under its roof, nor was it possible to repair the 
Omission, on account of the enormous thickness of the walls. 
Dominique Cassini, who had arrived in France in the year 1669, 
in compliance with an invitation from Louis XIV. to reside in his 
capital, commenced his labors at the Observatory on the 14th of 
September, 1671. It is important to remark, however, that no 
special duties were assigned to him in connection with that es- 
tablishment, nor did he derive any emoluments from the French 
Government, in consideration of his services as an astronomical 
observer. A liberal pension was, indeed, granted to him upon his 
arrival in Paris, but this was on account of the sacrifice he had 
made in leaving his native country to adorn France by his tal- 
ents. His superintendence of the Royal Observatory was natur- 
ally suggested by the position which he occupied as first astron- 
omer of France, but his duties were altogether discretionary. 
The other astronomers who had access to the Observatory, oc- 
casionally received allowances from the government for their 
services, but there was no fixed sum set apart for the annual 
maintenance of the establishment. The consequence of this over- 
sight was, that no definite plan of observation was projected, by 
an undeviating adherence to which the advantages of a national 
Observatory can alone be realized. This circumstance long con- 
tinued to exercise an injurious influence on the progress of practi- 
cal astronomy in France.” 

The inherent vice in the construction of the Royal Observatory 
of Paris has been already alluded to. It might be expected that 
Cassini, who arrived in France when the building was in course 
of erection, and in whose opinion upon any subject relating to 
astronomy the French government reposed unbounded confidence, 
would have effectually used his influence in preventing so deplor- 
able a sacrifice of the interests of science to the fancy of the 
architect. It is true that he did not fail to remonstrate on ac- 
count of the defective plan of the building, but the modifications 
proposed by him, showed that his ideas were not in accordance 
with the existing requirements of practical astronomy. Among 
the alterations recommended by him, was the construction of an 
apartment in which the celestial bodies might be observed from 
2ast to west throughout their diurnal courses. Such a mode of 
observation might have been serviceable for the discovery of 
satellites, and for the examination of the physical constitution 
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of the planets, but in so far as the determinations of the posi- 
tions of the celestial bodies was concerned, the tendency of the 
age was towards observations made exclusively in the plane of 
the meridian with fixed instruments. The alteration proposed 
by Cassini was, in fact, such a one as Tycho Brahé would have 
recommended for the purpose of making ordinary observations 
of the celestial bodies with his equatorial armillae. Another al- 
teration suggested by him was the admission of the solar light 
through an aperture, so as to trace upon the floor the daily 
course of the Sun throughout the year. By this contrivance he 
contemplated the formation of a vast sun-dial; he also expected 
to derive from such observations a more accurate knowledge of 
the variations of retraction. It is not difficult to perceive that 
such an alteration, if it had been carried into effect, would have 
been in reality a step backwards rather than a positive improve- 
ment. The remarkable success which attended Cassini’s efforts 
of asimilar kind at Bologna, seems to have given a bias to his 
views on practical astronomy, from which he was unable com- 
pletely to emancipate his mind throughout the whole course of 
his life. It does not seem to have occurred to him that the use of 
the telescope and the pendulum, introduced into the practice of 
observation a degree of delicacy and precision, which left all such 
clumsy contrivances immeasurably behind. It must be acknowl- 
edged, therefore, that notwithstanding the distinguished talents 
of Cassini, and the many brilliant discoveries which he made in 
celestial physics, the position which he occupied in France at the 
time of the establishment of the Royal Observatory of Paris, 
was unfavorable to the advancement of practical astronomy in 
that country.” 

‘Picard commenced his observations at the Royal Observatory 
of Paris on the 9th of July, 1673. This admirable astronomer 
was one of the first to perceive that the improvement effected by 
Huygens in the construction of clocks completely removed the 
difficulty experienced by Tyche Brahé and his contemporaries in 
their attempts to employ the element of time in astronomical ob- 
servations. It was now clearly seen that by determining the al- 
titudes of the celestial bodies as they passed the meridian, and 
noting the time of observation, their declinations and right as- 
censions would be obtaiaed with a degree of accuracy commen- 
surate to the existing state of theoretical astronomy. The sim- 
plicity of this method gave an incalculable advantage, as soon as 
it was found to be practicable, over any other that had hitherto 
been employed fora similar purpose. With the view of carrying 
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it into eftect, Picard solicited the establishment of a quadrant in 
the plane of the meridian, but although he continued to labor 
several years at the Observatory, the object of his request was 
not accorded to him. Not having such an instrument available 
to him, he determined the instant of the passage of a celestial 
body across the meridian, by noting the times at which the body 
attained the same altitude on each side of that circle. It is man- 
ifest that the time equidistant from the two observations, indi- 
cated the instant of the passage of the body over the meridian. 
In applying this method to the Sun, Picard did not fail to take 
into account the correction depending upon the change of declin- 
ation during the interval included between the two observations. 
We have seen that this method of observation, which is termed 
the method of corresponding altitudes, had been already em- 
ployed by the astronomers of India as well as by the Arabian as- 
tronomers, in tracing the direction of a meridian line by means of 
observations of the Sun. It does not appear, however, that they 
paid any attention tu the correction above referred to. The ap- 
plication of the method, however, to the celestial bodies gener- 
ally, and the necessity of employing a correction in the particular 
case of the Sun, were distinctly pointed out by Thomas Digges in 
his ‘‘Alae sue Sealae Mathematicae,”’ published at London in 
1573.” 

‘“Picard’s labors at the Royal Observatory of Paris extend to 
1682, in the autumn of which year he died. The name of this as- 
tronomer is imperishably associated with the improvements ef- 
fected in practical astronomy in the seventeenth century. It can- 
not but be a matter of regret to every person who takes an inter- 
est in the progress of astronomical science, that he was not se- 
lected to direct the national Observatory of his country. Un- 
fortunately his labors were not calculated to attract the atten- 
tion of that class of persons whose attachment to astronomy is 
founded solely on the pleasure to be derived from gazing at 
celestial phenomena. He appears, moreover, to have been a man 
of retiring disposition, who devoted his talents to the cultivation 
of science for its own sake, regardless alike of the applause of the 
multitude or the patronage of the great. Hence it happened that 
although he was, of all astronomers of his age, perhaps the one 
most qualified to superinte id the duties of an Observatory, he 
was set aside by the government of his own country, and a for- 
eigner appointed over the National Observatory, whose labors 
indeed, were of a more brilliant character, but were of infinitely 
less importance to the progress of astronomical science than were 
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those of Picard. It is deplorable to see the interests of a great 
country thus sacrificed to the caprices of a court. The circum- 
stances may well excite the indignation not merely of Frenchmen, 
but of every person who is moved by the spectacle of true merit 
thus contemptuously overlooked, while the individual who ex- 
hibits qualities of a more meretricious nature is caressed and 
favored.”” (Grant, History of Physical Astronomy, pp. 457-9). 

It will be seen from the above account that Picard was the 
principal authority of the age in practical astronomy. Roemer’s 
association with him no doubt was extremely fortunate, and we 
may infer that Picard’s genius and high character contributed to 
the development of the talents of the young Danish astronomer, 
but not to the force of his native genius. It is remarkable that 
Roemer had been in Paris less than three years when he dis- 
covered some peculiar inequalities in the eclipses of the first Satel- 
lite of Jupiter. He noticed that the eclipses happened constantly 
later than the calculated time at one season of the year, and 
earlier at anuther season; and the happy thought occurred to 
him of comparing the error with the Earth’s distance from 
Jupiter; and it was found that the eclipse was retarded in pro- 
portion to the increased distance, so that the phenomenon could 
be accounted for on the hypothesis of the gradual propagation of 
light across the Earth’s Orbit in measurable time. His first pub- 
lic announcement that this inequality arose from the time re- 
quired by the light to traverse the distance across the Earth’s 
orbit is contained in a paper submitted to the Paris Academy of 
Sciences, Nov. 22, 1675,* which at once secured him a seat in 
that illustrious body. From observations of forty emersions 
and immersions of Jupiter’s satellites Roemer found ‘‘a retarda- 
tion of light amounting to 22 minutes for an interval of space 
double that of the Sun’s distance from the Earth.’’ (Mémoires de 
l Academie de 1666-1699, tome X.1730 p. 400). 

This is the first announcement of one of the grandest achieve- 
ments of the human intellect. With the exception of the law of 
gravitation, probably no sublimer discovery has been made by any 
natural philosopher in ancient or modern times. And this con- 
tribution alone, which defined the law for the motion of light 
through the luminiferous ether of infinite space, would give 


* It is noteworthy that Roemer’s researches on the velocity of light were al- 
most contemporaneous with Newton's memorable experiments in decomposing 
white light into the colors of the spectrum. Newton's new theory of colors in- 
volved him in such bitter disputes that he deeply regretted publishing his work. 
Roemer, on the other hand, appears to have escaped such unbearable persecution. 
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Roemer a place among the most illustrious philosophers who 
have contributed to our knowledge of the laws of the physical 
world. But it will be seen below that immortal as this glorious 
discovery is acknowledged to be, his fame rests on much more 
extensive foundations, which lie at the very basis of practical 
astronomy. 

The report of Roemer’s brilliant achievements in France soon 
reached his own country, and in 1681 he was recalled as Royal 
Professor of Mathematics and Astronomy at the University of 
Copenhagen. While developing the Observatory of his native 
country his mind naturally continued to be occupied with the 
subject of the velocity of light, and as late as 1704, he hoped to 
publish a work on this singularly beautiful discovery. His plans 
in this respect, however, were never realized and it is very lament- 
able that all of his papers and observations, except the work of 
three days and a theoretical fragment on the parallax of the 
terrestrial orbit saved by Horrebow, afterwards perished in the 
great conflagration which destroyed the Observatory of Copen- 
hagen and a great part of thein the year 1728. The work of 
three days deposited at the Hall of the Academy of Sciences es- 
caped destruction, and has been critically discussed by Galle un- 
der the title: ‘“‘O. Roemeri triduum Observationum Astronomi- 
carum a. 1706 institutarum,”’ Berlin, 1845. Much of our knowl- 
edge of Roemer and of his work is derived from the accounts 
published by his disciple and successor Horrebow, whose Opera 
Mathematica Physica, in three volumes, were published at 
Copenhagen in 1740-41. 

Before the time of Roemer what few observatories had been 
erected on the continent of Europe had taken the unsuitable form 
of tall towers; and, strange as it may seem, were usually built of 
wood! All of these observatories were finally destroyed by dis- 
astrous fires, and stone and brick buildings of a different type 
took their places. The records which had been lost, however, 
could never be recovered, and these successive conflagrations 
at the observatories of Hevelius, Roemer and Horrebow, ac- 
count for our very limited knowledge of the earliest modern ob- 
servations, which are almost as rare as the astronomical works 
of the Greeks, handed down from a much more remote antiquity. 

Before giving an account of Roemer’s astronomical observa- 
tions and his ingenius inventions of instruments of precision, we 
shall consider briefly the progress of the theory of the velocity of 
light. 

Most of Roemer's contemporaries rejected his theory of the 
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gradual propagation of light, and accounted for the observed in- 
equalities of Jupiter’s satellites on other hypotheses. The outer 
satellites did not exhibit the time inequality discussed by Roemer 
with the same regularity as the inner satellite, chiefly because the 
motions of the three outer satellites are greatly effected by mu- 
tual perturbations extending over a period of 486.5 days, in ac- 
cordance with the complicated interaction known as the libration 
of Jupiter’s satellites, the physical cause of which remained un- 
known until Laplace discovered his famous law in 1784. The 
simple fact of this libration, however, had been discovered by 
Bradley from observations about 1740, and the complex theory 
resulting from the mutual gravitation of the satellites had been 
mathematically elaborated by Lagrange in 1766. Thus the ob- 
servers of the 17th Century, such as Cassini, Picard and Roemer, 
who flourished betore the development of the theory of gravita- 
tion, did not anticipate the existence of such complicated disturb- 
ing causes in the system of Jupiter, and were therefore justified in 
pointing out the apparent contradiction offered by the phenom- 
ena of the first as compared with those of the three outer satel- 
lites. 

In this connection it will be remembered that it was Picard’s 
measurement of the dimensions of the Earth which were used by 
Newton for verifying the theory of universal gravitation in 1685. 
As Newton’s theory made very slow progress in France during 
the next fifty years, it is easy to understand why most of his 
contemporaries in that country made no discrimination between 
the phenomena of the inner and outer satellites of Jupiter. Roe- 
mer himself had evidently become convinced of the finite velocity 
of the propagation of light in 1675, about twelve years before 
Halley published Newton’s Principia, and it is probable that sub- 
sequent observations gave no sufficient ground for departing from 
his original theory. 

It is said that J. D. Cassini, the official head of sciencein France, 
had entertained Roemer’s idea for a moment, and then rejected it. 
He did not deny the retardation in the time of the eclipses ap- 
parently depending on the increased distance of the Earth from 
Jupiter, but he did not concur in the amount of retardation as- 
signed by Roemer, contending that different satellites presented 
different results. For the first satellite he found a retardation of 
7™ 5%, and for the second 14" 12%; though his process depended 
upon a method essentially different from that used by Roemer, in 
that a correction of 14" 10° had been employed in the construc- 
tion of his tables of Jupiter. In 1698 Du Hamel, Secretary to the 
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Paris Academy of Sciences, gave the equation of time as 10 or 
11 minutes (Regiz Scientiarum Academiz Historia, 1698, p. 143). 

Fontenelle, who became perpetual Secretary of the Academy of 
Sciences in 1699, afterwards publicly congratulated himself in 
narrowly escaping the seductive error of believing in Roemer’s 
theory of the gradual propagation of light! 

But while many leading French men of science were slow in ac- 
cepting Roemer’s discovery, or rejected it altogether, the same is 
not equaliy true of great contemporary authorities in other 
countries. Thus it appears that Huygens accepted the conclusion 
of Roemer, and adopted his value of 11 minutes for the equation 
of light (Tract. de Lumine,cap.i. p. 7). As might be expected also 
the great Newton was one of those who accepted Roemer’s dis- 
covery of the velocity of light. The First Edition of his Optics 
published in 1704 contained indeed no allusion to it, the material 
having been prepared about 1675; but in the Second Edition of 
1718, p. 325, he says: ‘Light moves from the Sun to us in seven 
or eight minutes of time.’’ This statement of Sir Isaac Newton 
is very remarkable, and must have been based upon English ob- 
servations of the first satellite, obtained subsequent to those of 
Roemer. With characteristic sagacity Newton here approximates 
much more closely to the true value of the equation of light 
(8".4) than any one else was able to do until the experimental 
methods of Fizeau and Foucault were invented about the middle 
of the 19th Century. Since the classic work of Michelson and 
Newcomb, some twenty years ago, the velocity of light has been 
known with great accuracy. Newton's close approximation to 
the equation of light reminds one of his statement that the mean 
density of the Earth is between five and six times that of water, 
which has also been amply verified by the most retined experi- 
mental measurements. 

The discovery of the aberration of light by Bradley in 1728, 
the year following Newton’s death, gave an additional proof of 
the correctness of Roemer’s theory, and made the equation of 
light a permanent part of astronomical science. It is generally 
allowed that Bradley’s beautiful discovery is one of the great 
ornaments of the 18th Century, and yet, as Humboldt justly ob- 
serves, it came near being anticipated by Picard even before 
Roemer’s discovery of the velocity of light. Humboldt says: 
“It is a point of extreme importance in the history of great as- 
tronomical discoveries, that Picard, more than half a century 
before the actual discovery and explanation by Bradley of the 
cause of aberration, probably from 1667, had observed a periodi- 
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cal movement of the Polar star to the extent of 20”, which could 
‘neither be the effect of parallax nor of refraction, and was very 
regular at opposite seasons of the year’. (Delambre, Hist. de 
Astr. moderne, tom. ii. p. 616). Picard had nearly ascertained 
the velocity of direct light before his pupil Roemer, made known 
that of reflected light.’’ (Cosmos, Vol III., p. 109). 

In the strictly technical branches of practical astronomy 
Roemer’s achievements have never been surpassed. He invented 
the Transit Circle, the Prime Vertical, the Altazimuth, and the 
Equatorial telescope—all the chief instruments of the modern 
Observatory. On one occasion Roemer’s views on the construc- 
tion of an Observatory were solicited by Leibnitz, and ina reply 
to the Berlin philosopher. dated December 15, 1700, he says: ‘‘I 
differ very widely from those who have hitherto decked out ob- 
servatories more for show than for use, accommodating the in- 
struments to the buildings rather than the buildings to the in- 
struments.’’ Grant remarks that the illustrious Dane, while 
writing these lines, doubtless had a vivid recollection of the mag- 
nificent “‘Observatoire de Parade,’’ on the banks of the Seine, and 
of the expedients which Picard and himself were compelled to 
adopt, while endeavoring to fix a quadrant in the plane of the 
meridian in the year 1678. Roemer’s views on observatories ac- 
cord very closely with those of Bessel, and our illustrious Dr. 
Gould; and yet they seem to be little heeded by the builders of 
modern observatories, who are still several centuries nearer the 
Middle Ages than was the 17th Century discoverer of the velo- 
city of light. 

As might be expected Roemer’s ideas on instruments accord 
with his enlightened views on observatories. ‘I do not concur” 
he says, ‘‘with others in their opinion respecting the construction 
of instruments, since I consider that the use of the quadrant and 
sextant should be altogether abandoned, for I would place more 
confidence in a circle of four feet, than I would in a quadrant of 
ten feet.’’ 

Roemer found the high astronomical Tower at Copenhagen un- 
suitable for an observatory, and while waiting for a better ob- 
servatory to be provided for his use in the country, set up his 
meridian circle temporarily in his dwelling house during the year 
1690. The instrument was mounted in a south window giving 
a sweep of the heavens from 20° south to 40° north declination. 
The axis of the instrument used in the Observatorium Domesticum 
was five feet long and one and a half inches thick. Its extremi- 
ties rested on iron supports inserted in the sides of the window, 
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and the telescope placed near one end of the axis revolved freely 
in the plane of the meridian. To avoid flexure, the tube of the 
telescope was made up of twocones attached to each other at 
their bases, essentially as in the modern meridian circle. The in- 
strument had three horizontal and ten vertical threads and the 
field of view was illuminated by a lantern placed above the cen- 
ter of the telescope tube which threw its light through a slot in 
the upper part of the tube against a concave mirror inserted just 
behind the object-glass, the speculum again reflecting the light 
along the interior of the tube to the reticule in the focal plane of 
the object-glass. A projecting arm near the other end of the axis 
-arried a microscope by means of which the declinations of the 
heavenly bodies were read off from a graduated are 75° in length. 
Horrebow, who was then Roemer’s assistant, asserts that by 
means of the reticule in the microscope the readings could be 
made so as not to commit an error exceeding 2”.5 to 3” in deter- 
mining the declination of a celestial body. Finally, counterpoises 
were used, is in modern instruments, for relieving the pressure on 
the pivots due to the weight of the telescope and the projecting 
arm which carried the microscope. The error of collimation was 
determined by reversing the instrument, pointings being taken 
upon a mark in the open field. Adjustment of the instrument to 
the plane of the meridian was affected by observations of corres- 
ponding altitudes of stars, and Horrebow assures us that the 
horizontality of the axis was also investigated, probably by 
means of the plumb-line. 

The anticipated Observatorium Tusculaneum was at length 
finished in the year of 1704, and in the month of December of the 
same year, Roemer began observations with new instruments 
more perfect than he had used at the Observatorium Domesticum. 
The work was prosecuted energetically till his death in 1710, 
when the accumulated observations, according to Horrebow, 
filled three large folio volumes, and equalled in number those of 
Tycho Brahé. In the month of October 1706 Roemer drew up a 
list of the declinations and right ascensions of certain stars ob- 
served by him with the meridian circle on three successive nights, 
and this so-called Triduum deposited in the Hall of the Academy 
was the only part of Roemer’s observations which escaped des- 
truction in the dreadful conflagration which destroyed the astro- 
nomical Tower and a great part of the city in the year 1728. As 
regards accuracy the observations of the Triduum are surpassed 
only in moderate degree by those of the present day. The tran- 
sits were taken on three wires, and in several instances the time 
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is given to fractions of a second. The observations of the Tri- 
duum are the earliest collection of facts which have been used in 
the solution of the problem of the solar motion in space. 

The Observatorium Tusculaneum located in an open space upon 
a gentle eminence consisted of a building 17 Danish feet in length, 
with walls 51% feet high outside, and 61% teet high inside. The 
meridian circle had a diameter of 51% feet, and revolved in the 
meridian at one extremity of a horizontal axis of equal length. 
A telescope 5 feet long was attached to the eastern face of the 
circle, and the whole instrument rested upon two solid supports 
of firwood, fitted with bars of metal, into which the extremities 
of the axis were inserted. The telescope tube was composed of 
two hollow cones of iron attached at their bases, as in the other 
instrument at the Observatorium Domesticum. The reticule con- 
sisted of three horizontal and seven vertical threads. Two mi- 
croscopes separated by 10° were used in reading the circle. The 
instrument had an uninterrupted sweep of the meridian from the 
northern to the southern horizon, through a slit in the roof and 
walls four inches wide, united occasionally where no stars 
were apparent by simple iron bars. Two distant marks dia- 
metrically opposite to each other situated in the horizon 
served as collimators, and the horizontality of the axis was de- 
termined by means of the plumb-line. The adjustment in azimuth 
was effected by observations of Capella and a Lyrae above and 
below pole. 

Another instrument employed by Roemer at this Observa- 
tory was a Prime Vertical, built on the same general plan as 
that used today. Transits of stars over the prime vertical were 
taken by means of a system of vertical threads in the focal 
plane of the object-glass, and the errors of the instrument were 
investigated as in the case of the meridian circle. 

Tycho Brahe and Hevelius in their observations at an earlier 
epoch had made use of quadrants revolving about a vertical axis. 
In 1690 Roemer perceived the imperfection of this form of quad- 
rant and substituted in its place a whole circle, thus inventing 
the modern Altazimuth. In the instrument of this type built by 
Roemer, the vertical circle had a diameter of three feet five inches; 
and the azimuth circle a diameter of three feet eight inches. The 
instrument was chiefly used in observing corresponding altitudes 
of the Sun and stars for the purpose of regulating the clock and 
for adjusting the positions of the meridian instruments. 

Finally, in the year 1690 Roemer also invented the Equatorial 
Telescope, by means of which he was enabled to follow the 
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heavenly bodies through the whole of their courses above the 
horizon; and measure differential positions of objects situated 
near one another. Horrebow says that Roemer invented the 
Equatorial with a view of determining the parallax of the plan- 
ets by measuring their distances from neighboring stars when at 
different altitudes above the horizon. 

In conclusion it may be noted that Roemer while occupied with 
the subject of the annual parallax of the fixed stars found his ob- 
servations of declination vitiated by the effects of nutation and 
aberration afterwards fully elucidated by the great English astron- 
omer Bradley. The Danish astronomer hoped to assign the cause 
of the observed variation in the position of the terrestrial axis, but 
this apparently was a piece of work which his old observations 
did not enable him to conclude, and he did not live to complete it 
after entering upon work at the new Observatory. It should be 
noted in this connection that, according to Archimedes, Aris- 
tarchus of Samos, was the original author of the heliocentric 
theory of the world, and he even held that the fixed stars are so 
far away that their annual parallax is wholly insensible! Of all 
the observers of his time Roemer was the one whose work 
afforded the best basis for establishing the Aristarchian theory of 
the world, by showing the comparative minuteness of the out- 
standing discrepancies. 

In view of Roemer’s astonishing record of activity and inven- 
tion we cannot contemplate his achievements as a whole, with- 
out acknowledging in reverence and gratitude his towering gen- 
ius and his persistent and almost unparalleled career. Today as- 
tronomical instruments of the types invented by him adorn every 
great observatory in the world, while his methods of work are 
those most likely to hold favor with investigators in coming cen- 
turies. To add so much to the perfection of the temple of 
knowledge is given to very few men even among the High Priests 
ot Science, and the handiwork of such a master as Roemer shows 
him to be the very prince of artists, who attaineth perfection. 

If great mental power is required for the successful treat- 
ment of the general problems of life, the order of mind required 
for the achievement of these sublime discoveries of Roemer is al- 
most superhuman. The discovery of such a law as that of the 
gradual propagation of light, applicable alike to all the stars of 
the firmament, and disclosing to our senses phenomena of the 
sidereal universe pertaining to different cosmical ages, according 
to the different depths of the starry stratum composing the 
Milky Way into we gaze, is, among all the achievements of men, 
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one of the best calculated to impress us with the divinity of the 
human mind. May we not assert that the genius of Roemer was 
as truly divine as that of Plato, Archimedes and Newton? 

It has been justly observed that the age of Newton was prolific 
in great geniuses who contributed to the perfection of the sciences. 
Among such illustrious ornaments of the race as Kepler, Galileo, 
Fermat, Decartes, Huygens, Flamsteed, Halley, Leibnitz and 
Newton, Roemer appears to be the least known, although one of 
the most deserving of commemoration. 

In 1895 the two hundredth anniversary of the death of Huy- 
gens was appropriately celebrated by a gathering in Holland of 
distinguished men of science from all the nations of the Earth. 
May we not hope that the Royal Danish Academy of Sciences of 
Copenhagen will similarly commemorate the approaching bicen- 
tenary of the death of Roemer in 1910. It is not to be doubted 
that such a movement would meet with a ready response 
throughout the learned world. 

WASHINGTON, D. C. 





THE DETERMINATION OF TIME AND LATITUDE FROM 
EQUAL ALTITUDES OF STARS. 





GEORGE C COMSTOCK. 





FOR POPULAR ASTRONOMY. 


Referring to the first article contained in the issue of POPULAR 
Astronomy for April, 1903, I ain pleased to note the excellent re- 
sults obtained by Mr. Cooke in the determination of time and 
latitude with a very small instrument, and to concur in the opin- 
ion there expressed that with such instruments as he has em- 
ployed no method essentially different can furnish equal precision. 
I may add, however, that eight years ago I published in the 
Bulletin of the University of Wisconsin, Science Series, Vol. I., 
No. 3, an account of this method accompanied by a derivation 
of the required formulae and examples of their numerical applica- 
tion to actual observatious. 

The methods there set forth seem to me in some respects more 
advantageous than those of Mr. Cooke, e. g., in his practice, if I 
correctly nnderstand its exposition, the altitude level of the in- 
strument, having been clamped in place, is assumed to retain a 
constant relation to the line of sight during an entire evening’s 
work, an assumption that must oftimes be at variance with the 
facts. To diminish the effect of possible variations of the level 
adjustment, in the method that I have employed the observation 
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of each time or latitude star is immediately preceded by the ob- 
servation of a close circumpolar star, e. g., Polaris, and the con- 
stancy of the level adjustment is assumed to exist only during 
the five minutes, or less, intervening between the two observa- 
tions. Under this practice observations of the different time 
stars are made at slightly different zenith distances (different 
almucantars corresponding to the motion of the polar star in al- 
titude) and the reduction formulae are thereby made a little 
more cumbrous as the price of insurance against errors arising 
from instability of the level, but the labor involved in the reduc- 
tion of the observations is not appreciably greater than that 
shown in Mr. Cooke’s illustrative example. 

Mr. Cooke’s example, however, contains a needless amount of 
computing, since each observed time, taken from a watch or 
other mean solar time-piece is transformed into the corresponding 
sidereal time as the initial step of the reduction. In lieu of this 
transformation we may more conveniently reduce the observed 
time, 7, to what it would have been had the watch kept sidereal 
time and maintained during the period in question, a constant 
correction equal to its actual correction at an assumed instant, 
T,. With advantage we may take tor 7, the mean of the times of 
observation of all the stars observed during an evening’s work 
and we shall find as the analytical expression for the correction 
above defined 

x = (+ 9°.9 +- p)(T — 70) 
where p is the hourly rate of the watch, referred to mean solar 
time, and the interval, T — 7T,,is to be expressed in hours. If p is 
unknown it may be neglected without serious prejudice to the 
accuracy of the results and the finally derived clock correction 
will be very approximately the actual correction ( sidereal) of the 
watch at the time 7). 

I quote from the Bulletin above cited the following results for 
time and latitude obtained with a small universal instrument 
whose telescope had an aperture of 33mm and a magnifying 
power of 27 diameters: 

TRANSITS OVER THE ALMUCANTAR OF \ URSAE Minoris, 1894, May 19. 


Final Results. 


Star. AT AT Latitude. 
¢ Leonis + 205.9 

49 Herculis 23.3 Observed t- 208.88 43° 4’ 36”.7 
» Herculis 20.7 True Values 20 .80 43 4 36 .5 
@ Leonis 20.8 


The eight observations represented above were made within a 
half hour and their reduction occupied about an hour’s time. 
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MASSES OF BINARY STARS. 





S. M. HADLEY. 


FoR POPULAR ASTRONOMY 

If we have sufficiently accurate observations of the position 
angle and distance of the two components (4, B) of a binary 
star extending over the greater part of a revolution of the pair, 
and similar observations of one of these components and a third 
star (C) which is fixed relative to the binary; under this condi- 
tion the relative masses of the two components of the binary 
may be found. These measures of position angle and distance 
will give the changes in right ascension and declination due to 
the rotation of the two components about their center of gravity. 
It is upon these changes in right ascension and declination that 
the determination of the relative masses of the two components 
depends. In case the components are very near together the 
changes in right ascension and declination produced by rotation 
will be very smalland consequently a large element of uncertainty 
enters into the computation of the relative masses. 

The question of determining the relative masses of the com- 
ponents of a binary resolves itself into the problem of finding the 
distance of the center of gravity of the binary from one compo- 
nent in terms of the distance between the two components taken 
as unity. 

The equations used are of the following form: 


a+ Br—kscosp—pcos6=0 (1) 

e+vtr—kssin p—psin6=0 (2) 
a, 8, » and v are constants depending on the motion of the center 
of gravity of the system relative to C, r is the interval of time 
between the date of the observation and some epoch arbitrarily 
chosen, k is the ratio of N to MJ + N, where M and N are the 
masses of the components A and B, p and s denote the position 
angle and distance of B with respect to A, 6 and » denote the po- 
sition angle and distance of C with respect to A. 

It is desirable to have as many observations as possible well 
distributed around the orbit in order to eliminate, as far as pos- 
sible, errors of observation. 

Each pair of observations will furnish two equations of the 
form given above. Two groups of equations are thus formed, 
the first for changes in declination using equation (1), the second 
for changes in right ascension using equation (2). 








S. M. Hadley. 241 


—_—— 


The two groups of equations treated by the method of least 
squares will give values for a, 8, kK and u,v, k. These two values 
of k should agree within the errors of observation, thus furnish- 
ing an admirable check on the accuracy of the results. All values 
of k must lie between 0 and + 1 in order to have any physical 
interpretation. This is evident since the center of gravity of two 
bodies must lie between therh and on the line jcining their centers 
of mass. 





I have examined the catalogues of double star observations 
found in Washburn Observatory Library and current literature 
containing more recent observations, especially Astronomische 
Nachrichten and the Astronomical Journal; also Professor Com- 
stock has kindly furnished some of his unpublished observations. 
The result of this investigation showed that very few binaries 
have been observed sufficiently to give fairly good determinations 
of their relative masses. Measures of one component of the 
binary relative to a third star C especially are wanting. 

Those for which apparently sufficient observations were found 
are all close binaries except « Coronae. This fact indicates that 
the results for these stars would likely be indeterminate; as the 
errors of observation are probably greater than the quantity to 
be determined. 

The first star treated was o Coronae. The mean value of k 
obtained would indicate that the mass of A is slightly greater 
than that of B, but the star has not been observed along a sufhi- 
cient are of its orbit to give determinate results. As the period 
of this star is probably about 370 years (Evolution of the Stellar 
Svstems, See, p. 183) and the components are approaching their 
greatest distance apart it will be many years before the necessary 
measures can be obtained. 

§ Equulei is a close binary with a period of 5.7 years according 
to Hussey. In finding s cos p and s sin p for this star Ihave used 
Hussey’s orbit (Pub. A. S. P., Vol. 12). The observations used 
extended over a period from 1828 to 1902, but these were not 
well distributed around the orbit. There was one interval of ten 
years and another of eleven years during which no observations 
of the third star were found. 

Using thirty observations which gave thirty equations in each 
coérdinate the resulting values of k seemed to indicate that the 
masses of A and B are practically equal though there is a large 
element of uncertainty in the results. 

B Delphini, t Cygni and « Pegasi were also investigated but the 
results as anticipated, were practically indeterminate. The re- 
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sults of this investigation seem to show that at the present time 
we do not possess the necessary data to enable us to determine 
with a good degree of accuracy the relative masses of binaries by 
the above method. 





It is desirable that observers in measuring a binary should 
measure also a third star when practicable in order to furnish 
data for determining masses in the future. 

The following are the latest measures of the third star with 
respect to A used in this investigation: 


0 p 
¢ Coron 1902.63 86 14 61.85 
6 Equulei 1902.71 17 30 43.88 
8 Delphini 1902.80 331 42 36.86 
7 Cygni 1903.10 713 8 160.40 
x Pegasi 1898.71 298 48 12.53 


The following table contains a summary of the results obtained. 
They are given only as showing the values that may be obtained 
with the data now at hand. The probable error for an equation 
of unit weight is in right ascension 0.16 and in declination 0.14. 

The x and y coérdinates correspond to declination and right 
ascension respectively. 


R. A. Decl. Magnitudes. x Co6rdinate. y Coérdinate. 
h m , e k wet. k wet 

¢ Corone 16 11 +34 7 6 7 11 +048 0.28 +0.22 0.04 
é6Equulei 21 96 + 9 36 45 5.0 9.2 + 0.62 0.45 + 0.25 0.17 
8B Delphini 20 31.9 +1411 4260110 +098 094 +1.09 0.32 
rt Cygni 21 10 +37 22 4.2 80 89 4+1.22 053 +0.88 1.15 
x Pegasi 21 39 +25 6 4 GS. 20 +1.35 0.08 +1.11 0.36 
“85 Pegasi 23 56.8 +26 33 5.7 11.3 9 + 0.63 + 0.60 


WASHBURN OBSERVATORY, 
Madison, Wis., April 1, 1903. 





ANCIENT CHRONOLOGY AND ECLIPSES. 





W.,H. S. MONCK. 





FoR POPULAR ASTRONOMY. 


The subject of ancient chronology and eclipses has perhaps suf- 
ficient interest for some of the readers of PopULAR ASTRONOMY to 
justify another article on the subject. 

As Professor McFarland has pointed out, we are much in the 
dark as to what is meant bya year in the early records. The 
exact length of the vear was far from being fixed, and it would 
seem that in many calendars including that of the Hebrews the 


* in order to make the table complete the results for 85 Pegasi were copied 


from an article by Professor George C. Comstock published in The Astrophysical 
Journal, April, 1903. 
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year was a lunar one which was brought into rough accordance 
with the solar year by occasional intercalations. The lunar year 
unlike the solar represents no astronomical fact. There is noth- 
ing special in the termination of twelve or thirteen lunar months 
any more than in the case of any other number of months. The 
month, not the year, is the unit of lunar chronology. But the 
lunar month and its multiples, like the solar year and its multi- 
ples cannot be represented by an integer number of days. Inde. 
pendently therefore of trying to bring the lunar years into unison 
with the solar years by intercalated lunar months, neither 
kind of year represents an even number of days and the precise 
length of neither of them was accurately ascertained until a com- 
paratively recent date. Within moderate limits the yearscurrent 
in every country worked pretty well, but slow changes are not 
sasily observed and how far the years in ancient records can be 
relied on as representing (even on the average) a fixed number of 
days seems open to considerable doubt; and a historian who 
himself adopted the year of 365 days cannot be relied on to give 
dates computed on that basis when dealing with countries in 
which a different year was in use. 

This, however, is one of the least of our difficulties. Take, for 
instance, the chronology of the Old Testament, which is chiefly 
dealt with by Mr. Wheat. One thing that occurs to us is that 
periods are invariably (or almost invariably) given in whole 
years except when the period fell short of a year. Thus I do not 
think the number of months or days is ever given in describing 
the length of a reign whose duration exceeded one year. But 
kings do notreignfor aneven number of years. Theusualduration 
of a reign includes months and days over the year. If we telt sure 
that the chronicler always gave us the nearest whole number of 
years, we might expect the errors in excess and defect to balance 
each other in the long run. But are we certain of this? May 
not the number of years be that completed to the last anniver- 
sary of the king’s accession, so that there would be on the aver- 
age six months to be added to the recorded durations? On this 
latter supposition, after a succession of twenty kings our lot of 
the recorded reigns would be ten years too little. This, however, 
would not be all. It seems pretty clear that Biblical periods are 
often given in round numbers not exact ones. Thus if we take 
up the early part of the book of Judges, ‘tthe land had rest” for 
forty years after the deliverance by Uthmel. for eighty years after 
that by Ehud, for forty years after that by Deborah and Barak, 
and for forty years after that by Gideon. Surely we are not here 
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dealing with exact periods. The writer is expressing himself like 
one of the present day who should tell us that Queen Elizabeth 
reigned forty years and Queen Victoria sixty. A few round num- 
bers of this kind might set our chronology several years astray. 
Forty years indeed is a period that occurs too frequently in the 
Old Testament to create a belief in its accuracy. The chances 
would be enormously against such a recurrence if the number is 
supposed to be exact; and moreover this number does not recur 
more frequently than any other when we come down to later 
times in which the narrative is more detailed. And there is a 
further defect in any chronology founded on such a record as the 
book of Judges. There are, to all appearances, gaps in the nar- 
rative which we have no means of supplying, and there seems to 
be another gap between this work and that of Samuel. Judging 
from a passage in the Song of Deborah and Barak, the captivity 
from which Shamyar delivered the Israelites must have been of 
some duration; but there is nothing on the record to fix either its 
duration or that of Shamgar’s judgeship. Even when we meet 
with more detailed accounts in later Jewish history the figures in 
the book of Kings and Chronicles often disagree; and though 
this probably arises from corruptions of the original text, is it 
reasonable to suppose that the text is free from similar corrup- 
tions in all passages where there is no second narrative to act as 
a check upon the figures? As to the statement that Solomon be- 
gan to build the temple in the 480th year after the Exodus, being 
the fourth year of his reign, it is difficult to reconcile it either 
with the figures given in the previous books or with the state- 
ment of St. Paul in the Acts of the Apostles. Moreover this 
would give us little assistance unless we knew with certainty the 
date of the Exodus or that of the accession of Solomon and how 
are we to fix either? 

Then for the interval between the days of Ezra or Nehemiah 
and the birth of Christ we are dependent altogether on ordinary 
history. The only hint that the Bible gives us—the number of 
generations between Zerubbabel and Joseph—affords us no light 
because the generations in Luke are nearly twice as numerous as 
those in Matthew. Even as to the birth of Christ, we do not 
seem to have any satisfactory record to fix the date of the taxa- 
tion or rather enrollment of the population which brought Joseph 
and Mary to Bethlehem; and the statement that Christ was 
“about” thirty years old when His ministry commenced, is con- 
sistent with any age from twenty-five to thirty-five years. Now 
even if such a history as this contained distinct records of eclipses 
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having occurred, how could we fix the dates of them? But there 
are in fact no such eclipse records. There is nounequivocal record 
of an eclipse in the entire Bible. Imagery is used which shows 
that the writer knew of the existence of eclipses (as we might 
naturally expect him to do) and darknesses are mentioned of 
which an eclipse would form one of several possible explanations. 
There is nothing more than this. The Bible is useless tor testing 
the correctness of computed early eclipses, and there is not a 
single computed early eclipse which affords the only admissible 
explanation of any fact recorded in the Bible and can therefore 
be relied on as fixing a Biblical date. 

It may be said, however that Biblical dates may be cleared up 
by the records of other countries whose kings are mentioned in 
the Bible. But in the first place the records of other countries 
involve many of the same uncertainties as to date that are in- 
volved in the Biblical narrative itself; and in the second place, it 
is not often that the rulers of other countries mentioned in the 
Bible can be identified beyond doubt. Thus the practice of calling 
all the Egyptian Kings, ‘‘Pharaoh” renders it very difficult to 
find out what Egyptian King is referred to in many parts of the 
Old Testament. Even Pharaoh-Necho though he has probably 
been correctly identified as Psammeticus finds no place under his 
Biblical name in Egyptian history. Hophira looks sufficiently 
like Apries to make the identification pretty certain especially as 
there seems to be a clese correspondence in the facts also. Shis- 
hak is, I think, the only Egyptian King who is mentioned with- 
out the misleading ‘*Pharaoh,”’ and I think his identification with 
Sabacon may be regarded as certain. But who the Egyptian 
King was at the time of the oppression and of the Exodus is 
still a matter of controversy. Alate book on Biblical chronology 
substitutes Thothmes II for the favored Meneptah. Other 
neighboring Kings mentioned in the Old Testament seem for the 
most part to have been obscure personages of whom no records 
capable of fixing dates are extant. It is not till we come to the 
first conflict between the Israelites and the Assyrians that we get 
on firmer ground and even then there are diversities of names 
which make identification difficult. The earliest eclipse of which 
we have a distinct record appears to be one which happened at 
Nineveh in the 27th year of the era of Nabonassar; but this 
which is usually set down to B. C. 763 is described as 33 years 
later by Mr. Wheat. Plainly there can be no certainty about the 
era of Nabonassar when such a difference of date exists between 
different computers. In computing the interval between this 
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eclipse and that known as the eclipse of Thales, Mr. Wheat, I 
presume, follows the Assyrian or Babylonian chronology; but all 
the reigns to which he refers like those in the Old Testament are 
given as an even number of vears and they are numerous enough 
for the months and days (irrespective of the errors in the calen- 
dar) to make a serious difference at the end of the sequence. As 
to the eclipse of Thales, our earliest authority alleges that Thales 
predicted it for the very year in which it occurred. What year 
was that? Of the numerous alleged dates, three at least seem 
still to find advocates viz: B. C. 610, B. C. 585, and B.C. 547. (1 
omit the numerous other dates which have been also suggested). 
Is it not clear that the record, unaided by eclipse computations, 
does not fix the date within half a century? Nor are we any bet- 
ter off as to the time of the year when this eclipse occurred than 
as regards the year itself. The advocates of B. C. 610 make it 
Sept. 30, those of B. C. 585, May 28 and those of B.C. 547, Oct. 
23. The record evidently gives us as little information on this 
point as on any other. We merely take up the table of computed 
eclipses looking for something that will fit (Mr. Wheat admits 
his employment of this process) with the usual result that 
owing to the vagueness of the description and the uncertainty as 
regards several of the terms made use of in it, we find more than 
one computed eclipse that will fit the facts so far as recorded. 
But the astronomical interest of the question lies in deciding 
whether eclipses at this remote period took place on the days and 
at the places given by our present computations or whether there 
was some disturbing influence which displaced them; and whether 
there is anything in these records to indicate a change in the 
Moon’s orbit since the date of our earliest records. How can we 
decide either of these questions unless we know the exact date of 
the eclipse independently of our computations? Otherwise we 
only find in the records what we have put into them. Computa- 
tion is confirmed by computation not by observation. The very 
foundation of all such inquiries is a clear distinction between 
what is observed and what is computed. As regards the Eclipse 
of Thales I have a strong impression that it is the same as that 
which is known as the Eclipse of Larissa, Herodotus and Xeno- 
phon giving us different variations of the same story. The ac- 
cepted date of the latter eclipse seems to be May 19th B. C. 557. 

Down to what date eclipses must be regarded as unascertain- 
able (with our present means of knowledge) I do not pretend to 
decide. Until the introduction of the Julian Calendar the diffi- 
culty of ascertaining real dates is very great and I am not aware 
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of any one who has given an extant record of eclipses that hap- 
pened in his own time prior to Ptolemy. Ina previous article I 
gave some reasons for not trusting Ptolemy’s dates with regard 
to eclipses which occurred long before his time any more than we 
should trust those of Baily or Airy or Mr. Wheat for the Eclipse 
of Thales. If so the earliest reliable eclipse will belong, at the 
earliest, to the second century after Christ. If anyone can show 
me by an early record (unaided by computation) that an eclipse 
took place on a particular day anterior to the Christian era, I am 
quite ready to accept his proof, but I do not think it will be forth- 
coming. And even as regards eclipses which occurred in the life- 
time of Ptolemy, if he did not witness them himself he may have 
fixed the exact date by computation. Observers not specially 
interested in astronomy are often confused about dates and ap- 
pearances if their description is not given until some time after 
the occurrence. I have a very distinct recollection of seeing the 
annular eclipse of March 15th, 1858 but if I had never refreshed 
my memory by looking at some written record I am pretty cer- 
tain that I could not have fixed either the month or the year 
from memory. I once saw a very remarkable fireball but I then 
telt little interest in meteoric astronomy; I recollect the incident 
perfectiy, but I cannot fix the year and I am not quite certain 
even as to the month. These are specimens of the class of obser- 
vations which Ptolemy had to deal with if we except what he 
saw himself. Indeed in most instances his data were probably 
much inferior to the accounts given by unscientific eye-witnesses 
after a considerable lapse of time and he must have proceeded to 
fix the exact dates in pretty much the same way as Baily or 
Airy or Mr. Wheat. That he was in possession of accurately 
worded records of eclipses in different countries, some of them at 
very distant periods, all of which records have since perished, 
seems to me very improbable. But if he possessed no such 
records, what had he to rely on in fixing the dates except compu- 
tation based on the Chaldean Saros or the Meteoric Cycle or 
some other formula of greater or less accuracy? 

Looking over Mr. Johnson’s interesting little book on eclipses 
I find that even after the time of Ptolemy the dates of the early 
eclipses are often set down as the result of computation not ob- 
servation. Sometimes only the year seems to have been men- 
tioned by the chronicler and sometimes not even that. One given 
by Mr. Johnson under the date of Sept. 15 A. D. 452 seems to 
have been merely recorded as having happened in the reign of the 
French King Merovaeus or Merovee. That set down to March 
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19 A. D. 592 is merely described as having occurred in the spring 
and during the reign of the Emperor Mauritius; and numerous 
examples of the same kind might be added. And when the dates 
are taken from writers who lived long after the event, though 
they may have had definite records which have since been lost, it 
is at least equally possible that they supplied exact dates and 
places bycomputation. What is wanting for an accurate investi- 
gation of the entire subject is in the first place to make out a list 
of eclipses previous to the days of Tycho Brahe and Kepler of 
which the exact date and place is fixed by some contemporaneous 
(or nearly contemporaneous) record without the aid of any com- 
putation, and then by comparing these with our present lunar 
tables to ascertain how far they establish the accuracy of these 
tables and whether they do or do not indicate a steady accelera- 
tion of the Moon’s motion from the earliest reliable eclipse down 
to the present day. Such a comparison would enable us to form 
an estimate of the accuracy of these tables and to determine the 
limits of probable error in applying them to a very remote an- 
tiquity. Further researches on the part of antiquarians will no 
doubt enable us to fix more closely the dates of certain eclipses 
like that of Thales which are at present puzzles to which every 
one may frame his own solution. An old inscription for instance 
may fix the date of the war between the Medes and the Lydians 
with a possible error of no more than ten years and thus cut out 
two of three solutions to which I have referred. Or again the 
era of Nabonassar may be fixed within a like limit with the re- 
sult of showing that either B. C. 763 or B. C. 730 is an impossi- 
ble date for the Ninevite eclipse. But to arrive at any degree of 
certainty in such matters we must first ascertain the degree of 
confidence to which our computations are entitled, and secondly 
we must in many instances locate our historical eclipses within 
narrower time-limits than is at present possible. A record that 
an eclipse which put an end toa battle between the Medes and 
the Lydians at some date between B. C. 620 and B. C. 540 is not 
sufficient to enable us to determine the date of the eclipse even if 
our lunar tables possessed absolute accuracy; and can it be said 
that even these dates are the highest and lowest which the 
record admits of ? 

I may note that eclipses depending on the relative positions of 
the Sun, Moon and Earth must be affected by the changes in the 
eccentricity and the orbit of each of the latter bodies and by the 
changes in the positions of the aphelion and perihelion and on the 
perigee and apogee. I presume the computers of recent times 
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have taken these items into consideration; but are we certain 
that we know the precise laws upon which each of them depend 
and can give the exact or even approximate figures for both 
Earth and Moon 3,000 years ago? When we go very far back 
we do not know what disturbing influences may have come into 
play during the interval, and all our computations must proceed 
upon assumptions of the truth of which we can have no certainty 
when we pass far beyond the limits of recorded observation. 

It is no doubt to a certain extent satisfactory to find that our 
present lunar tables afford a plausible explanation of the vaguely 
recorded eclipses of early date. It proves that we know nothing 
inconsistent with their accuracy, and this negative evidence is 
not displaced by the fact that in some cases instead of one plausi- 
ble explanation we have half a dozen. But what lam looking for 
is not negative but positive evidence of their accuracy; and for 
this positive evidence the date and place of the eclipse must be fixed 
without guess work and without previous inquiry as to whether 
any computed eclipse will or will not fit it. Even a slight change 
—I admit that a large one is improbable though not perhaps im- 
possible 





might change a near approach into an eclipse or the 
contrary or similarly invert a total and partial phase; while as 
regards eclipses of the Sun slight changes might alter not only 
the hour but the places at which they were visible. I do not be- 
lieve that any eclipses prior to the Christian era have been re- 
corded with sufficient accuracy to enable us to say whether they 
are more favorable to.an acceleration of the Moon's motion at 
the rate of some ten seconds per century or toa retardation of 
equal amount; and Ihave a suspicion that if all unreliable 
eclipses were excluded from the computation the accepted result 
as regards the acceleration would be materially modified if it did 
not wholly disappear. No mathematical computations can be 
relied on unless the data on which they proceed are reliable. But 
it often happens that computers do not take sufficient pains in as- 
certaining their data and sometimes the necessary data are very 
difficult to ascertain. Almost every astronomer knows of com- 
putations worked out (quite correctly on the data assumed) to 
three or four decimal places where even the whole number after- 
wards proved to be erroneous. 
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A LOST DOUBLE STAR. 


Ss. W. BURNHAM. 





FoR POPULAR ASTRONOMY. 

Sir John Herschel’s first catalogue of new double stars was 
printed in the Memoirs of the Royal Astronomical Society, Vol- 
ume II. This list contained 321 objects, faint stars, with angles 
and distances estimated. The dates of the observations are not 
given, but the work appears to have been done about 1825. 
No. 165 of the catalogue described as a 3” pair of eighth and 
ninth magnitude stars with a position-angle of 60° n. p. This in 
the modern way of reckoning would give 330° for the direction 
of the smaller star. The place he gave for 1825 was 


R. A. 10" 26.8 
Deel, = ++ 12° 32’ 


This is practically identical with the place of Weisse XII 499. 

This double star so far as appears, received no further atten- 
tion from Herschel or any one else at any time during the next 
fifty years. When I was using the 18l2-inch refractor of the 
old Dearborn Observatory, some twenty-five and more years ago 
I placed some of the closer pairs given in the early catalogues of 
Herschel upon my working list for measurement, and this star 
among others. In 1878 I measured it on one night and this is 
included in work printed in Vol. XLIV of the Memoirs R. A. S. 
Apparently I did not notice at the time that my angle was about 
100° smaller than Herschel’s, or I should have measured it a 
second time. 

A couple of years ago I put this star on my list again, and on 
April 20, 1901 measured it, finding the position-angle substan- 
tially as Herschel had estimated it, and thus indicating some sort 
of error in reading the circle on the former occasion. 

I did not get back to this star for nearly a year. In the mean 
time I had noticed that Bigourdan had given H 165 in his work 
printed in the Paris Observations for 1883, but had measured 
quite a different and much wider pair, the components being 
more than 50” apart. I supposed that he had mistaken the des- 
cription or inadvertantly had measured a wider pair in the same 
field or vicinity. To repeat my former measures, and to identify 
the wide pair I set the telescope on this place in March 1902, and 
found the Bigourdan pair in the exact place of the Herschel pair, 
and evidently unchanged. The two sets of measures are: 


1880.22 339.0 55.85 2n Bigourdan 
1902.22 337.5 56.03 2n Burnham 
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Both stars are in the D. M., and re-observed for the A. G. cata- 
logue. The latter meridian positions give 339°.5 : 57”.24(1875). 
The components are respectively DM (12°) 2235 and 2234. 1 


could find no trace of H 165 or the pair I had measured once 
before. The observations of this star so far are as follows: 


1825 330 3 i.  cckand 9 H 
1878.28 205.3 2.59 | See 8.5 p 
1901.30 330.8 2.16 ee &.8 re] 


Since the date of my measure in 1901, I have examined this 
star and all the adjacent stars within a radius of one degree with 
the 40-inch telescope without finding any trace of any star at all 
like the missing pair. This has been repeated many times last 
vear and this year. No double star with a similar description is 
to be found catalogued under a different hour of R. A. or a differ- 
ent degree of declination either north or south. So far as I can 
see now, I have exhausted all the means known to me for finding 
this pair. The same diagram of the stars in the neighburhood, 
platted from the DM., which was used when the pair was found 
in 1901 was used on the subsequent searches. As in all the dia- 
grams for small stars, the place of the object sought was clearly 
shown in the center of the finder field, and apparently this star 
was found as thus shown, as no correction to the place was 
noted. The fact that nothing was said about the 56” star 
would not necessarily imply that the principal star was not the 
one measured in 1901. 

It is practically impossible that a 2” pair of this kind should 
have any orbital movement rapid enough to make the stars ap- 
parently single in so short a time. It is certainly impossible that 
proper motion of both stars or either one, should have anything 
to do with the apparent change obseryed. This is evident from 
the three positions given above. It seems still more improbable 
that either component should be variable to the extent of disap- 
pearing altogether. No such double star isknown inthe heavens. 
There is no instance of a double star having vanished for any 
cause. Many have been missing but in every instance it has been 
due to the blundering of the observer. It is difficult if not im- 
possible to avoid making such mistakes at times. From first to 
last I have probably recovered one at least one hundred double 
stars which were not in the assigned places. In some instances 
all plans and means of running them down have failed and they 
are still unidentified; but there has been nothing in this work to 
give one the slightest amount of faith in the actual disappear- 
ance from the sky of any double star ever observed by anyone at 
any time. 
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It seems unlikely, to say tae least, that on three occasions at 
widely separated intervals and with different instruments to 
make the settings for place, the same error should be made, 
and the same pair, or one very similar, should be found with- 
out any trouble whatever. No entry appears in my observing 
book for 1878 to indicate any difficulty in finding H 165, or any 
correction to his place, and the same is true of the observation 
twenty-three vears later. But after all, the trouble may be due to 
a series of some sort of mistakes hard to understand now, but 
perhaps easily explained when the star is again found. It is pos- 
sible of course that this may turn out to be the long looked tor 
rariable double, and found in the recorded place where it should 
be according to the previous observations, and if so, it will be a 
most interesting pair for measurement hereafter. 

Should anyone find this lost, strayed or stolen member of the 
universe he will please return it to the writer, and no questions 
will be asked. 1 expect to find it myself sooner or later. I am 
anxious that this should be done in some way in order to ascer- 
tain how many different kinds of blunders I have committed in 
my dealings with this star. 

YERKES OBSERVATORY, 

April 23, 1903. 





A NEW ALMUCANTAR. 





A. E. DOUGLASS. 





FoR POPULAR ASTRONOMY. 

The recent publication of W. E. Cooke’s new and accurate 
method of making time, latitude and azimuth observations with 
a surveyor’s transit, suggests a new form of Almucantar. In 
this new form an artificial horizon replaces the spirit level of 
Cooke’s method and the large mercury cistern of Chandler’s. 
The new plan is a simple one and can be applied to any telescope 
that rotates about a vertical axis. An adjustable right angled 
prism (or a mirror) is attached to the telescope tube and covers a 
portion of the lens. This receives the star’s light reflected in an 
artificial horizon; so that two images of the star may he seen at 
the same time. If, now, the prism be adjusted on the pole star, 
for example, so that the two images (the direct and twice re- 
flected) exactly coincide, then at whatever azimuth the telescope 
is pointed, it will mark a zenith distance the same as the pole 
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star’s when the two images of any star are made coincident. 
Therefore after adjusting it on the pole star ata known time, the 
instrument is turned to the approximate place of the star whose 
transit across the horizontal thread is to be observed; and as 
soon as the star comes into the field, the elevation of the tele- 
scope is changed by a slow motion screw until the two images 
coincide, and the transit observed. Or, if the two images are 
not too far apart the transit of each may be taken and the mean 
time of the two used. 











\ 


It is not difficult to understand that this device accomplishes 
this result. When the two images of any star are in coincidence, 
the reflecting surface of the prism must be parallel to the surface 
of the mercury and therefore perfectly horizontal. Hence at any 
azimuth the coincidence of the stellar images indicates that the 
reflecting surface-of the prism is perfectly horizontal and therefore 
that the telescope is pointing at the zenith distance for which 
the instrument is adjusted. 

So much for the principle. In its application, we need some 
simple device for holding the prism so that it can be adjusted to 
any desired zenith distance and we need a support for the mer- 











254 Stellar Motion and Wave Propagation in Ether. 





cury basin. The first may be accomplished by a simple hinge 
motion and a butting screw working against a spring or the 
weight of the mercury. And as the prism and mercury basin are 
always in the same relative position, the second result can be 
achieved by attaching these together and mounting them on the 
objective end of the telescope tube with a counterpoise at the 
other end. The mercury basin may have its sides enclosed by 
metal and a cover glass at the outer end to exclude the wind. 

Furthermore, if a graduated are be attached to the prism, the 
instrument may be used to measure altitudes by the artificial 
horizontal method. 

Such an apparatus as this, for determining altitudes, latitudes, 
time and azimuth could therefore be made to fit on the end of any 
telescope that rotates about a vertical axis. 

FLAGSTAFF, Arizona, 

April 13, 1903. 





A RELATION BETWEEN THE MEAN SPEED OF STELLAR 
MOTION AND THE VELOCITY OF WAVE PROPAGATION 
IN A UNIVERSAL GASEOUS MEDIUM BEARING UPON 
THE NATURE OF THE ETHER.* 





LUIGI D’AURIA. 





In the Philosophical Magazine for August, 1901, Lord Kelvin 
pointed out that an infinite ether must of necessity be im- 
ponderable; that is a substance outside the law of universal 
gravitation, leaving the alternative, however, that a gravita- 
tional ether may be admitted, occupying only a finite volume of 
space. Such an ether could exist only as an immense gaseous 
globe, and if w denotes the density of this globe at any distance 
z from the center; w, the mean density of the concentric sphere of 
elementary gas of radius z; S the distance which separates the 
solr system from the center of the universal gaseous globe; o the 
density of the gas in this system; k the constant of gravitation; 
then, on the supposition that the gaseous globe is in equilibrium 
of temperature, so that the mean square speed u of the elements 
of matter throughout its volume is constant, we would have the 
equation 








kwdz 
~ a 


i sahil 4 q 
qudw = 37 wy, X 


* Reprinted from Journal of Franklin Institute, May, 1903. 
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dw 4nk 
—— 5 zdz (1) 
W W, uw? 
In order to find a relation between w and w,, assume that w 
raries inversely with some power n of the distance; that is, put 
/S\2 
w=o(-). (2) 
\2Z/ 
Then, the mass of a concentric spherical shell of¥gas of thickness 
dz and radius z can be expressed by 


{S\2 > 
Lao | | 2 dz, 
\2/ 
and therefore we can put 
rT . ws S n — 
~7Z W, 4no0 \ ras, 
= . \ Z/ 
from which 
3 /S\* 3w 
eee 3 eee (3) 
3—n \z/ 3—n 
Substituting this in (1) we can write 
°dw 3 4nrk ¢ 
f 2 ; Xx zd #, 
rs, ee 3—n w « 
which gives 
3—n w 
w=>-s -_—>- 4 
67k Zz (4) 


Comparing this expression for w with (2), we can easily conclude 
that n = 2, and therefore 


=e (5), (5) 


which shows that the density in the gaseous globe would not be 
uniform, but would vary inversely as the square of the distance 
from the center. 

Substituting n = 2 in (3) and (4), we get 


w,—3w; (6) 
u” (7) 
w=>- - 7 
67k z*’ 


and comparing (7) with (5), we get 


2 


u” - 
6rkS? (8) 
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and 
w= 6rkS*c. (9) 
The mass of a concentric sphere of gas of radius z would be 
= TZ WwW, = 4r2°w, 
and observing that (5) gives zw = S’o, we can write 
srw, = 42Szo. 


Hence, the attraction of this sphere upon a unit mass at its sur- 
face would be 


a 4x kS?o 


¢ = (10) 


Z 
Now, the centrifugal force which a unit mass acquires revolving 
with velocity v, in a circular orbit of radius zis v,?|z. Putting 
this equal to ¢, we get 
v2 = 4rkS2o. (11) 


As this is independent of the distance z, we can conclude that all 
bodies moving in circular orbits around the center of the uni- 
verse must have the same velocity. 

Comparing (9) with (11), we get the simple relation 
2 3 2 


= FV. (12) 
Denoting by V the speed of propagation of a wave in the uni- 
versal gaseous medium, we have also 


u 


Vv? — >Y u’, 
and putting y = 5 3. 


V2 == wf, (13) 


Substituting for u its value (12), we get 


V= Sy, (14) 

This relation shows that the speed of wave-propagation in a 
universal gaseous medium is not much greater than the velocity 
v,, Which velocity would be approximately equal to the mean 
speed of stellar motion. This, according to Kapteyn’s investiga- 
tion, appears to be about 19.3 miles per second, and therefore, 
according to our relation (14), the speed of wave-propagation in 
a universal gaseous medium could not be much greater than 
17.6 miles per second. This shows that such a medium would be 
utterly unfit to propagate energy with the velocity of light and 
proves conclusively that the ether must be imponderable; that is 
a substance outside the law of universal gravitation, whether 
the ether be infinite or finite. 
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Denoting by R and D the mean radius and the mean density of 
the Earth, and by g the acceleration of gravity at the Earth’s 
surface, we can write 
4 3g 


L-RD 


and substituting this in (8) and putting for uw its value (12), we 
get 
g 


—_— 


; more, 


Co 3 2 \ S ? e (16) 


If a plausible value could be assigned to S in this formula, then 
with the approximate value rv, 19.3 miles per second, we could 
torm an idea of the density which a universal gaseous medium 
would have inthe solar system. Now,on the assumption of such 
a medium we would, according to our law of density (5), natur- 
ally expect to find the central regions of the universe occupied by 
a gas of considerable density, which would give us valid ground 
for assuming that in such regions only could the astonishing 
phenomena observed in Nova Persei take place. On this assump- 
tion we inight use the distance of this star for the value of S, a 
distance which has been recently estimated to be about 159 light 
years or 9.36 x 10" miles. 

Using this value for S and putting for R, D and g their numeri- 
cal values, we get approximately 

= 33 10> “a, (17) 
in which d is the density of ordinary air. We have here a density 
which is of the same order of magnitude as that of ether, and 
which cannot be changed to any great extent by any reasonable 
change made in the values of S and v, assumed above. Indeed, 
we have good reasons to suppose that the solar system is rather 
near the center of the Milky Way, and as this center would, ac- 
cording to our hypothesis, coincide with the center of the uni- 
verse, the distance of 159 light years assumed for S is not too 
great, nor can it be very much smaller. Hence, the value of ¢ 
cannot deviate much from the value (17) and therefore there can- 
not be any objection raised against our hypothesis of a universal 
gaseous medium on the ground that it would oppose appreciable 
resistance to the motion of planets or other celestial bodies. It 
is true that the density of such a medium would be quite consid- 
erable in the vicinity of the center of the universe, but a simple 
calculation based upon our formula (16) will show that we 
have to be within 585,000 miles of this center to find a density 
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equal to that of ordinary air. The concentric sphere of the 
medium within a radius of 585,000 miles would have a mass 
about seven times that of the planet Jupiter, a mass entirely too 
small to be conspicuous in celestial space. 





THE NEW STAR IN GEMINI 12.1908. 





H. C. WILSON. 





On March 27 the following cipher telegram in the Science Ob- 
server Code, was received from Professor Edward C. Pickering, 
Director of Harvard College Observatory: 

“Kiel cables unprepared Turner Oxford chinks bianor unsettled buscada un- 
printed trouble valerian.” 

This being translated into ordinary English reads: 


A new star was discovered by Turner of Oxford in right ascension 65 37" 48° 
and declination north 30° 03’. The magnitude on March 16 was 8.0. 


Possibly 
a variable star. It was not seen Feb. 16. 


From a letter of Professor H. H. Turner, written March 24 and 
published in Astronomische Nachrichten No. 3858, we learn that 
the star was found upon a photographic plate taken March 16 
at Oxford, and does not appear upon plates taken earlier at that 
Observatory. On March 16 the brightness was about 7.5 and 
on the 24th it was perhaps 8.0. 

A large number of photographs taken at Harvard College Ob- 
servatory from March 3, 1890 to Feb. 28, 1903 show no trace of 
the nova although many of them show stars of the 12th magni- 
tude. On March 2 at 13" 19", a plate showing stars of the ninth 
magnitude, reveals no trace of the nova. March 3, 4 and 5 were 
cloudy but ona plate taken March 6, 14° 28", an object of the 
5.08 magnitude appears in the given place. It thus seems that 
the new star must have appeared suddenly at some time between 
March 2, 13" and March 6, 14". Since that time it has been 
gradually diminishing in brightness until now it is of about the 
ninth magnitude. 

The accompanying cut, Fig. 1, was made from a photograph 
of the region around the nova, made with the 8 inch photc- 
graphic telescope at Goodsell Observatory April 16, with an ex- 
posure of one hour. The plate was defective so that no print 
could be made from it, but by placing a sheet of paper over a 
positive copy and allowing the light to shine through it the stars 
were plotted in by hand. The copied star images are several 
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times larger than in the negative. The nova is shown encircled 
by a ring near the center of the cut. The width of the cut is 
about one.and one-half degrees. The stars lettered a to e are 
found in the Bonn Durchmusterung and their positions and 
brightness are there given as follows: 














Mag. R. A. 1855. Decl. 1855. 
° h m s a ° 
a BD + 29,1342 8.2 6 37 18.9 +29 59.3 
b + 30,1305 8.2 6 33 33.3 +30 31.4 
c + 30,1306 8.6 6 33 39.8 + 30 O7.4 
d + 29,1334 8.7 6 36 23.8 + 29 41.3 
e 1 30,1309 9.4 6 34 20.3 + 30 05.9 
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Fic. 1.—THE VICINITY OF THE NEW STAR IN GEMINI. 


The stars marked f, g, and h are of the 10th and 11th magni- 
tudes. 

The following estimates were made by the writer with the five 
inch finder to the 16 inch equatorial: 


©. 6. f. Mag. 
h m 
Mar. 28 8 10 alO0Nic; b3N5d 8.35 
31 9 OO alON5c; b3N5d 8.35 
Apr. 23 9 00 N=c 8.6 











260 New Star in Gemini. 





With the 16 inch telescope the color of the nova is sensibly red 
and there are four faint stars, of the 12th or 13th magnitude, 
quite near it. The nearest of these is about 30” to the east of 
the nova. All these faint stars are well shown in the cut, Fig. 2, 
which has been prepared from a print kindly sent us by Dr. Max 
Wolf, of Heidelberg, Germany. Of this print Dr. Wolf says: ‘I 
enclose a print of the region of the Nova Turner Geminorum from 
an enlargement, which I made from a plate by Mr. Dugan, ex- 

















Fic. 2.—THE VICINITY OF NovA GEMINORUM. 


From a photograph by Dugan at Heidelberg Feb. 16, 1903; exposure 3h, 


posed 3 hours on the evening of Feb. 16, 1903, with my six inch 
Voightlander lens. There is no star down to the 15th or 16th 
magnitude exactly at the place of the Nova, but the edge of an 
indefinite object of very great faintness covers the point where 
the nova stands now. I found the nova with the 16 inch Bruce 
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telescope, April 3, 1903, of about 8.2 photographic magnitude 
of the BD scale. The place of the nova is found by the two 
small pencil lines: the intersection wonld be exactly at the nova’s 
place.” 

The engraver in attempting to bring out the very faint object 
in the place of the nova has touched it up and made it relatively 
too prominent. It should scarcely be visible at all in the print. 
The reader will readily identify the stars common to the two 
cuts. The region is directly north of « Geminorum and almost 
equidistant from that star and 6 Geminorum. 

At the Yerkes Observatory the spectrum of the nova was pho- 
tographed with an exposure of 3" 12" on March 28. This pho- 
tograph shows two strong bright bands extending from wave- 
length A 4598 to A 4696 and from A 4839 toA 4886. There are 
fainter bright bands also at A 5666 and 45752. A photograph 
of the region of the nova was also taken at Yerkes Observatory 
with the two-foot reflector and on the nights of March 28 and 
29 with a total exposure of 8%4 hours. This does not reveal any 
nebulosity around Nova Geminorum like that surrounding Nova 
Persei, although it shows stars considerably fainter than those 
shown upon Mr. Dugan’s photograph. 





NOVA GEMINORUM BEFORE ITS DISCOVERY 
EDWARD C. PICKERING 


On March 27, 1903, a cable message was received from Profes- 
sor Kreutz, of Kiel, stating that an object which was probably a 
new star, but was possibly a variable, had been discovered by 
Professor Turner. Also that on March 16 it was of the magni- 
tude 8.0, while on February 16, it had not been seen (presumably 
on a photograph). Its apparent place was R. A. 6" 37™ 48°, 
Decl. + 30° 3’. The grant from the Carnegie Institution per- 
mitted an examination to be made of the early photographs of 
the Henry Draper Memorial, and furnished the history of this 
object from its first appearance to the present time. An excellent 
nhotograph of the region, taken 1903, March 1" 15" 3",G. M. T., 
showed stars of the magnitude 11.9, but no trace of the nova 
was visible. A similar result was found from sixty-seven plates 
the first taken March 3, 1890, the last on February 28, 1903, 


* Harvard College Observatory Circular No. 70 
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although nearly all of these plates showed stars fainter than the 
the twelfth magnitude. One or more of these photographs were 
taken on each intermediate year. It did not therefore seem 
necessary to examine the other early plates of this region, a hun- 
dred or more in number. A plate, taken 1903, March 2" 13" 19", 
showed stars of the ninth magnitude, but no trace of the nova. 
The evenings of March 3,4 and 5 were cloudy, but on a plate 
taken March 6' 14" 28", an object of the magnitude 5.08 appears 
in the given place. Plates taken on several later nights showed 
that the magnitude was gradually diminishing, as appears in 
Table I, which gives in successive columns, the date, the Green- 
wich Mean Time, the photographic magnitude of the Nova, and 
the initial of the observer. F,denotes Mrs. Fleming,and L, Miss 
Leland. 


TABLE L—PuHoTOGRAPHIC MAGNITUDE. 





Date. G. M. T. Mag. Obs. Date. G. M. T. Mag. Obs. 

1903, h m 1903 h m 

Mar. 1 1s 3 11.4 I Mar. 14 14 i+ 7.42 F 
2 14 21 ae F 14 14 14 7.34 L 
6 14 28 4.97 F 14 16 20 7.32 Fr 
6 14 28 a.20. L, 14 16 20 7.34 L 
11 16 28 6.76 F LS 13 44 y fe rf F 
12 14 25 7.06 F 15 14 53 7.57 F 
12 15 25 116 FF LS 14 53 7.46 L, 
13 14 52 ise 25 13 25 7.94 L 
13 14 52 7.17 F 25 14 39 8.08 F 


The photograph of March 6 has especial value since, se far as 
is known, it contains the first photograph of the nova. The 
image is on the very edge of the plate, and accordingly was com- 
pared with fifteen other stars at about the same distance from 
the center of the plate. The nova was compared twice with 
each star by each observer. The value of the grade was much 
larger than usual, and equalled 0.21 and 0.33 for the two ob- 
servers. The mean result for all was magnitude 5.08, with an 
average deviation, for the separate stars, of + 0.26. The mag- 
nitude on each of the other dates given in the table was found by 
comparison with six stars whose brightness was nearly equal to 
that of the nova. These magnitudes were derived assuming that 
the photometric and photographic magnitudes were nearly the 
same for stars whose spectra were of the first type. 

The evening of March 27 was cloudy and also the early part 
of March 28. One plate however, taken the latter date gave the 
magnitude, 8.34. Several photographs were taken on March 
29, 31 and April 1, and gave the mean magnitudes, 8.24, 
8.24 and 8.25. These magnitudes are based upon the re- 
sults given in Table II which contains the designations, Durch- 
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musterung numbers, rectangular coérdinates expressed in seconds 
of are with the nova as an origin, and provisional photographie 
magnitudes of a sequence of comparison stars. It is probable 
that the tainter stars are really fainter than these magnitudes in- 
dicate, but the latter will serve to determine the relative changes 
in the nova as it grows fainter, and thus render the results of 
different observers comparable. All the magnitudes can later be 
reduced to aa absolute scale. They also serve to compare the 
Thus, the photograph 
taken March 1, 1903, shows star t, and also stars at least a 
tenth of a magnitude fainter. Star u does not appear. 

this plate shows stars of the magnitude 11.9 and brighter. 


faintest stars shown on early plates. 
Hence 


TABLE I1.—Comparison STARS 


Des. DM. x v Mag. Des DM x v Mag 
a + 30.1318 + 716 + 3187 7.28 p 4 368 11.19 
D + BONO 9 ccs sees 7.76 q 308 132 11.41 
c + 30.1314 + 274 +1949 7.98 r £04 278 11.63 
d + 30.1320 + 1021 + S78 8.50 s so 345 11.73 
e 30.1342 + 1843 347 8.82 t 224 +176 11.78 
t + 30.1316 + 643 4+ £5352 9.14 u 167 tt 145 12.08 
2 + 30.1306 — 1006 + 142 9.36 Ww 254 + 242 12.23 

is res + 504 + 289 ie x 268 + 92 12.45 
h ! + 604 + 207 FF -, 270 16 12.70 
k + 30.1302 — 1923 + 23 9.93 186 64 12.95 
1 + 30.1309 $56 t 53 10.13 a] 31 97 13.05 
m + 30.1317 + 638 — 3827 10.41 3 24 76 ,13.35 
n eo - 311 17 10.66 , 1 8 13.53 
oO NP ek 4. 644 + 197 11.01 


The last plate in Table I is of interest since it was taken with 
an objective prism, and accordingly shows the spectra of the 
nova and of adjacent stars. Six bright lines are shown in the 
spectrum of the nova, whose designations, assumed wave-lengths, 
and intensities, calling the intensity of the line Hy, 10, are as fol- 
lows: HZ, 3889, 1; He, 3970, 3; H8, 4102, 8; Hy, 4341, 10;—, 
1643, 11; HB, 4862, 9. 

From this it appears that the spectrum resembles that of Nova 
Sagittarii on April 19, 1898. No dark lines 
is perhaps owing to the small dispersion. 

The same lines, and having nearly the same intensities, ap- 
peared on similar photographs taken on March 29, 31 and April 
1. They also showed the additional nebula line, 5003, which 
has the intensity 2 or 3, and is certainly brighter than H¢. This 
line does not appear on the plate taken March 25, and indicates 
the first step in the change into a gaseous nebula. Three addi- 
tional bright lines were detected in the later photographs, whose 
estimated wavelengths are about 4176, 4240 and 4462. 


are visible, but this 
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In the other new stars the appearance of line 5003 was followed 
by the diminution in intensity of the line Hf, and the appearance 
and rapid increase in the nebula line, near H¢, which finally be- 
came the strongest line in the spectrum. 

A most important question in connection with the appearance 
of new stars is, whether such objects can come and go without 
detection by astronomers. Since the Henry Draper Memorial 
was established, nine new stars have been discovered. Six of them, 
Nova Persei, No. 1, Nova Normae, Nova Carinae No. 2, Nova 
Centauri, Nova Sagittarii, and Nova Aquilae, were found in the 
regular examination of the Draper Memorial photographs, and 
probably all of them would otherwise have escaped detection. 
Two, Nova Aurigae and Nova Persei No. 2, were bright, and 
were found visually by Dr. Anderson. The first of these might 
have escaped detection here, although numerous early charts 
were obtained which showed that it was visible to the naked eye 
during seven weeks before its discovery. The spectrum of Tur- 
ner’s Nova is so conspicuous on the plate taken on March 25, 
that when this plate was developed and examined it would 
doubtless have been found on it here, but for the prompt dis- 
covery and announcement by Professor Turner. 





PLANET NOTES FOR JUNE. 
H. C. WILSON. 


Venus and Mars are now the two brilliant evening stars, the one seen toward 
the west, the other toward the southeast as soon as the twilight deepens. In 
June Venus will be seen toward the west and Mars toward the southwest 
as soon as the sky darkens a little after sunset. Venus will advance from Gemin! 


through Cancer into Leo during this month, passing just a little to the north of 


the Priesepe cluster June 12-14. The phase of Venus will be only slightly gib- 
bous, decreasing from 0.675 to 0.541, while her brillianey will increase to nearly 
double her present brightness. Mars will be less than half as bright in June as 
now, because of his recession from the Earth. His course is southeastward 
through Virgo, toward the star Spica. 

Mercury will be at inferior conjunction June 3 and will be morning star after 
that time. This planet will be visible toward the east in the morning during the 
last week ot the month, being at greatest western elongation, 22° 05’ from the 
Sun, June 27. 

Jupiter rises in the east about an hour after midnight on the first of June and 
may be best observed in the morning twilight, when the planet is well up toward 
the meridian. Jupiter will be at quadrature June 13. 

Saturn rises toward the southeast a couple of hours before Jupiter and may 
be observed in the morning hours in and before the twilight. Saturn’s position 
in Capricornus will change very little during the month. 
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Uranus will be at opposition June 15, situated then in Ophiuchus, midway 
between the bright stars of Scorpio and Sagittarius. 

Neptune will be at conjunction with the Sun June 25 and so is not to be seen 
during the summer. 


NOZI¥OH HLYON 





h 
é. 
e. 
Rfer,,% 8 
Pus 


THE CONSTELLATIONS AT 9 P. M. JUNE 1, 1903. 


The Moon. 


Phases. Rises. 


Sets. 
(Central Standard Time at Northfield 
.ocal Time 13m less.) 





h m h m 
June 1-2 First Quarter................ 11 O3a. M. 12 28a. M. 
DBD PE MO iiccsccccssesccescsvs 7 28P.M. & 2 * 
18 Last Quarter.. 15 a. M. 12 42P.M 
25 New Moon © “ Ss i” 


WEST HORIZON 











266 Comet and Asteroid Notes. 





Occultations Visible at Washington. 


IMMERSION. EMERSION., 
Date. Star's Magni- Washing- Angle Washing- Angle Dura- 
19038. Name. tude. ton M.T. fm N pt. tonM.T. f'mNpt. _ tion. 
: s h m - h m ° h m 
June 3 W.B. XII, 69 71.3 11 40 46 12 O8 354 O 28 
T & Libre 5.8 7 49 160 8 39 238 O 50 
8 x Ophiuchi 5.0 10 33 104 12 05 276 1 32 
15 @ Aquarii 1.3 3 27 35 14 35 283 1 O8 
15 p Aquarii 5.4 56 13% 16 28 174 O 32 
16 B.A.C. 7993 7.5 9 57 98 10 48 232 0 51 


COMET AND ASTEROID NOTES. 
Faye’s Comet.—In A. N. 3858 Dr. Elis Strémgren, of Kiel, Germany, gives 
the following elements of Faye’s Comet, corrected -for quite large perturbations 
by Jupiter: 


Epoch = 1903 March 10.0 Berlin M. T. 


M = 348° 34’.6 @ = 34° 24.8 
w»=198 58.8 uw = 480.16 

2 = 206 28.0;1900.U 

i=. 20 $7.5) 


According to these elements the comet will be at perihelion June 3.64. Dr. 
Strémgren gives the following approximate ephemerides of the comet and the 
Sun which shows that there is little hope of observing the comet at this return, 
because of its unfavorable position: 


1908. R. A. Decl. 


Brightness. 
Comet. Sun. Comet. Sun. 
1 m h m 
May 13.5 23 3.18 + 14.1 + 18.3 0.052 
June 4.5 3 36 4 47 + 17.1 + 22.4 0.055 
26.5 4 42 6 18 + 18.6 + 23.4 0.055 
July 18.5 5 46 7 48 + 18.4 + 21.1 0.053 
Aug. 9.5 6 45 9 14 + 16.8 + 16.0 0.051 
31.5 q 39 10 36 + 14.1 + 8.8 0.049 


When the comet was last seen in 1896 its brightness, computed in the same 
way as the above, was 0.061. 


Brook’s Comet 1889 V-1896 VI. 
Washington 
Midnight. a 5 


log r. log A. 
1908. h m s 2 . - 
June 9 21 14 13 —24 58 55 0.390223 0.239562 
17 za 4s 2S —25 10 5 0.383964 0.211746 
25 2k 19 O —25 27 33.5 0.377725 0.184624 
July 3 21 18 48 —25 50 40 0.371523 0.158907 


I have just finished computing the above 


four positions of Brook’s Comet for 
Professor Ling of Denver. 


My ephemeris of this comet which was published in 

the Jan. 1903 number of PopuLar AsTRONNMy does not commence until Aug. 9. 

Professor Ling stated that he would like to begin a search for the comet in June. 

The above positions were computed at intervals eight days apart. 

will be nearly stationary the latter part of June. 
PROVIDENCE, April 11, 1903. 


The comet 
F. E. SEAGRAVE. 


Comet 1902 d.—In A. N. 3853 Mr. F, Ristenpart gives an ephemeris of 


this comet extending from March 29 to July 3. The latter half is here given. 
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Mr. Ristenpart calculates the brightness of the comet as 12™.11, May 16, 12™.28 
June 1, 12".42 June 17 and 12".56 July 3, assuming an estimate of 11™ on Jan. 
15 at KGnigsberg to have been correct. 


Berlin Midn. m: A. Decl. log r. log A, 
1903. h m s : P 
May 15 7 57 02.03 34 O07 27.9 
16 58 42.43 34 10 54.2 0.4524 0.5031 
17 8 Q 23.42 34 1 123.5 
18 2 4.97 $4 17 22.9 
19 3 7.07 34 20 25.5 
20 S 2e.02 34 23 20.4 0.4537 0.5100 
21 7 12.84 34 26 7.6 
22 8 56.49 34 28 47.1 
P| 10 40.64 34 3 19.0 
24 i2 25.29 34 33 43.3 0.4551 0.5167 
25 14 10.43 34 36 0.1 
26 15 56.04 34 38 9.4 
27 17 42.09 34 40 11.3 
28 19 28.58 34 42 6.0 0.4565 0.5232 
29 21 15.48 34 43 53.5 
30 23 2.78 34 45 33.8 
31 24 50.47 34 47 7.0 
June 1 26 38.55 34 48 33.1 0.4581 0.5294 
2 28 27.01 34 49 52.3 
3 30 15.82 34 51 4.6 
4 32 4.97 34 52 9.9 
5 33 54.45 34 53 8.4 0.4597 0.5354 
6 35 44.23 34 54 0.1 
7 37 34.32 34 54 45.1 
8 39 24.71 34 55 23.4 
9 41 15.38 34 55 55.1 0.4613 0.5411 
10 43 6.33 34 56 20.3 
11 44. 57.57 34 56 389.0 
12 46 49.06 34 56 51.2 
13 48 40.79 34 56 657.1 0.4631 0.5467 
14 50 32.76 34 56 56.6 
15 52 24.95 34 56 49.9 
16 54 17.37 34 16 36.9 
i 56 10.00 34 56 17.8 0.4649 0.5520 
18 8 2.84 34 55 52.6 
19 8 59 55.88 34 45 21.4 
20 9 1 49.11 34 54 44.2 
21 3 42.51 34 54 i 0.4668 0.5571 
22 5 36.08 34 53 12.1 
23 7 29.81 44 52 17.4 
24 9 23.69 34 51 =«=17.0 
25 ss iv.7 384 50 11.0 0.4687 0.5620 
26 13 11.88 34 48 59.7 
at 15 6.17 4447 «42.8 
28 17 0.58 384 46 20.6 
29 18 55.09 34. 44. 53.1 0.4708 0.5667 
30 20 49.68 34. 43 20.4 
July 1 22 44.36 34 41 42.6 
2 24 39.10 34 39 59.7 
3 9 26 33.92 +34 38 11.8 0.4728 0.5711 
Ephemeris of Comet 1908 a. 
[Continued from April number, p. 206.] 
Paris Midn R.A. Decl. log r. log A. Brightness. 
1903. h - ‘ 
May 3 23 87 9 —69 43.2 0.0737 9.7955 9 
4 54 52 70 46.2 
5 54 20 71 46.8 
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Paris Midn 


1903. 


May 


June 


July 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


18 
19 


h 


23 


14 


EPHEMERIS OF COMET 1903 a, CONTINUED. 


Ais 


56 
38 
24 
11 


Decl. 
, 
—72 48.1 
73 46.9 
74 44.5 
75 40.7 
16 35.8 
77 29.5 
78 22.0 
79 13.1 
80 3.0 
80 51.5 
81 38.4 
82 23.5 
83 6.6 
83 47.3 
84 25.8 
84 59.4 
85 28.7 
85 53.0 
86 10.1 
86 19.2 
S86 17.9 
86 8.5 
85 52.2 
85 30.4 
85 4.5 
84 356 
S84 5.0 
83 32.9 
83 0.0 
82 26.5 
81 52.9 
81 19.1 
80 45.5 
80 12.0 
79 38.8 
79 5.8 
78 33.1 
78 O8 
414 282 
76 57.5 
75 26.4 
75 §5.8 
74 25.5 
74 §5.7 
73 26.4 
73 «57.5 
73 29.0 
73 1.0 
42 32.5 
72 6.4 
71 39.7 
71 13.6 
70 47.8 
70 22.5 
69 57.6 
69 33.2 
69 9.2 
58 45.6 
68 22.5 
—67 59.7 


log r. 


0.0993 


0.1230 


0.1452 


0.1660 


0.185 


0.2042 


0.2384 


0.2542 


.2692 


2836 


2974 


3106 


3354 


log A. 


9.8216 


9.8473 


9.8726 


ee 


S977 


9.9225 


9.9472 


9.9718 


9962 


0204 


0204 


0682 


.O918 


1151 


1381 


.1607 


Brightness. 


- 
6 
5 
4 
3 
2 
2 

Lt 

1.4 

Re 

1.0 

0.8 

0.7 

0.6 

0.5 
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VARIABLE STARS. 


Minima of Variable Stars of the Algol Type. 
[Greenwich Mean Time beginning with midnight. The hours greater than 12 are 
those of the afternoon. To obtain Eastern Standard time subtract 5 hours; for Central 
Standard subtract 6 hours, etc.1 


U Cephei. S Antliz. U Corone. Z Herculis. SY Cygni. 
2 * Period 7" 46.8 | a A oe : . bh 
une : 6 June 2 19 June r 2 June 6 18 
cer 7S 16 6 9 1 12 18 
8 6 i 19 17 11 63 is 19 
10 18 . © 23 4 13. 0 24 19 
13 5 = Q 26 15 15 2 30 19 
iS 17 ey 30 «62 17 O Cee ae 
13 5 a! i Bee 19 2 SW Cygni. 
o =» ‘ ‘ 9 a. 
<0 17 8 6 June ; 6 21 4 o 4 
23 0 ~ * ~ ~ =e) 1 7 18 
~ 9 ) ‘ 17 ~ ‘ 
25 17 . - » 2 25 O 12 - 
28 4 - Ss 7 27 1 6 21 
BY . 11 4+ 16 18 - « 16 21 
30 16 12 3 20 23 as ( 21 11 
Z Persei 13° 83 25 9 RS Sagittarii. 26 1 
June t oO “ua 2 29 20 : 30 14 
. i 15 1 ; — June 1 16 ‘tiie 
. me = U Ophiuchi. 4 2 UW Cygni. 
10 3 16 1 6 12 i 
13 1 17 0 June 1 1s e oo June 1 10 
16 6 17 23 2 14 ag 4 21 
- 3 11 11 68 - 
19 ‘ i8 23 cs 9 Ss ‘ 
9 , je t 13 18 
22 8 19 22 + 7 file 11 18 
25 10 20 21 > is 14 5 5 
28 11 2 21 ao 9 18 16 
, 22 20 6 19 4. ° 22 8] 
RR (R*) Puppis 92 7 7 15 23 10 es 
23 19 25 90 25 14 
June 3.19 o4 19 8 11 oe 29 « 
10 6 25 18 9 8 me 
16 16 28 17 10 + sO 16 W Delphini 
23 2 27 17 11 O RX Herculis. . £4 
29 13 - os | Fae 
a , Fi 12 16 June 3 14 m9 
V Puppis S Velorum. 13 12 Ss 11 19 2 
June 2 5 June L ae i+ 4 1s 19 24 7 
3 i6 7 15 15 4 19 3 9 ; 
5 2 3 14 161 24 11 - 
6 13 19 12 16 21 29 19 Y Cygni. 
Ss Oo o- 11 17 a7 oan “4 
9 11 = = is 13 RV Lyre. June 1 16 
lu 22 5 Libre. 19 9 June f 12 . 
12 9 June 2 19 20 5 s 2 t 16 
13 20 5 2 21 1 11 17 7. oe 
15 7 7 10 1 >] 15 7 . 16 
16 18 9 18 22 18 18 21 . 
Is 5 12 2 23 14 v2 12 os 
19 15 14 10 24 10 2% «2 12 0 
21 2 16 17 25 «(C6 19 17 13 16 
22 13 19 2 26 2 ‘ 15 40 
4 0 91 e 26 22 U Sagitte. 16 16 
25 11 23 17 27 18 June 2 21 = 
26 22 261 Ss 14 6 6 19 16 
28 9 28 9 29 11 9 15 21 0 
on 2% ‘ - 30 7 13 0 22 16 
a jing : - Me : 16 69 24° 60 
S Caner U Corone. Z Herculis 16 19 5 16 
June 5 7 June 2 11 June 1 1 23 1 27 0 
14 19 6 22 3 2 26 13 28 16 
24 7 9 9 5 1 29 22 30 ‘) 
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Variable Stars of Short Period not of the Algol Type. 





Maxima of SZ Cygni will occur June 8 at 15" and June 23 at 17". 


Minimum. Maximum. Minimum, Maximum 
h h h h 
SU Cygni June 1 4 June 2 12 W Sagittarii June 15 19 June 18 19 
R Crucis i 6 6 14 7» Aquile 16 7 18 13 
6 Cephei 1 6 2 21 S Sagittae 16 7 19 17 
S Trianguli Austr. i ii 8 13 SU Cygni 16 12 17 20 
RV Scorpii 1 22 3 8 V Centauri 16 16 18 3 
n Aquilae 1 22 4 4 S Crucis 16 20 18 8 
S Crucis 218 4 6 6 Cephei 17 8 18 23 
T Velorum 3 20 5 5 S Normae 17 15 | 
Y Sagittarii 4 5 6 O T Velorum 17 18 19 3 
V Carinae 4 10 6 14 V Carinae 17 19 19 23 
SU Cygni 5 0 6 8 V Velorum 18 9 19 8 
T Vulpeculae 5 3 6 12 T Vulpeculae 18 10 19 19 
T Monocerotis 5 §& 13. 3 R Crucis 18 16 20 1 
. V Velorum 5 6 6 5 T Crucis 19 16 ai iv 
k Pavonis 5 6 9 1 RV Scorpii 20 2 21 12 
V Centauri 5 16 7 8 SU Cygni 20 9 21 17 
S Muscae 6 0O 9 11 U Aquilae 20 9 22 13 
T Crucis 6 5 8 6 S Triang. Austr. 20 11 22 18 
U Aquilae 6 8 8 12 X Sagittarii 20 16 23 13 
6 Cephei 6 14 8 4 S Crucis 21 12 23 O 
X Sagittarii 6 16 9 13 Y Sagittarii 21 i3 23 «8 
TX Cygni 6 21 12 0 TX Cygni 21 14 26 17 
Y Ophiuchi 7 OO 13 5 V Centauri 22 4 23 15 
R Crucis + 2 8 10 T Velorum 22 9 23 18 
S Crucis « ti 8 23 6 Cephei 22 17 24 8 
U Vulpeculae 712 9 15 V Velorum 22 18 23 17 
S Trianguli Austr. 7 19 9 21 T Vulpeculae 22 21 24 6 
S Normae @ 21 12 7 W Sagittarii 23 10 26 10 
S Sagittae 7 22 11 8 «x Pavonis 23 10 27 «5 
RV Scorpii 7 23 9 9 U Vulpeculae 23 11 25 14 
W Sagittarii 8 5 11 5 » Aquile 23 11 25 17 
T Velorum 8 11 9 20 Y Ophiuchi 24 3 30 8 
SU Cygni 8 20 10 4 SU Cygni 24 5 25 13 
n Aquilae 9 2 11 8 RCrucis 24 12 25 21 
T Vulpeculae 9 13 10 22 V Carinae 24 12 26 16 
V Velorum 9 15 10 14 S Sagittae 24 16 28 #2 
W Virginis 9 16 17 21 S Muscae 25 7 28 18 
Y Sagittarii 10 O 11 19 RV Scorpii 26 3 27 13 
V Carinae 11 3 13 7 S Crucis 26 5 st 17 
V Centauri 11 4 12 15 T Crucis 26 10 28. 11 
5 Cephei 11 23 13 14 S Triang. Austr. 26 18 28 20 
SU Cygni 12 16 14 O W Virginis 26 22 35 3 
R Crucis 12 20 14 5 T Velorum a 6 28 10 
S Crucis 12 23 14 11 V Velorum 2¢ 3 28 2 
T Crucis 12 23 15 O T Vulpeculae > a | 28 16 
T Velorum 13 2 14 11 Y Sagittarii 27 8 29 8 
U Aquilae 13 9 15 13 S Normae 27 «9 31 19 
X Sagittarii 13 16 16 13 U Aquilae 27 10 29 14 
T Vulpeculae 14 0 15 9 V Centauri 27 16 29 3 
X Cygni 14.0 20 19 X Sagittarii 27 17 30 14 
RV Scorpii 14 O 15 10 SU Cygni 28 1 29 9 
V Velorum 14 0O 14 23 6 Cephei 28 2 29 17 
S Triang. Austr. 14 3 16 §& RCrucis 30 8 31 17 
k Pavonis 14 8 18 3 X Cygni 30 10 37 5 
U Vulpeculae 15 11 17 14 7» Aquilae 30 15 32 2 
S Muscae 15 16 19 3 S Crucis 30 21 32 9 
Y Sagittarii 15 19 17 14 
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Approximate Magnitudes of Variable Stars Apr. 10, 1903. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 


Name. R. A. Decl. Magn Name a a Decl. Magn 
1900, 1900. 1900. 1900. 

h m ° ‘i h m 4 
T Androm O 17.2 +26 26 s R Camel. 14 25.1 + 84 17 10d 
T Cassiop. O 17.8 + 55 14 12d R Bootis 14 32.8 +2710 9d 
R Androm. 0 18.8 +38 1 s S Librae 15 15.6 —20 2 f 
S Ceti 0 19.0 — 9 53 s SSerpentis 15 17.0 +14 40 f 
W Cassiop. 0 49.0 +58 1 u S Coronae 16 17.3 31 44 &d 
S - 1 12.3+72 §& 107 S Urs. Min. 15 33.4 +78 58 8 
R Piscium 1 25.5 + 2 22 s R Coronae 15 44.4 +28 28 6: 
R Trianguli 1 31.0 +33 50 8d l . 15 45.9 +289 52 u 
U Persei 1 52.9 + 54 20 10d R Serpentis 5 46.1 15 26 u 
R Arietis 2 10.4 + 24 36 t R Herculis 16 Bg 18 38 lld 
o Ceti 2 14.3 — 3 26 Ss R Scorpii 16 11.7 — 22 42 t 
S Persei 2 15.7 +58 8 8d Ss = 16 11.7 — 22 39 t 
eas 2 20.9 — O 38 s U Herculis 16 21.4+19 7 9d 

2 28.9 —13 35 s R Ursae Min. 16 31.3 + 72 28 u 
R Persei 3 23.7 + 35 20 u W Herculis 16 31.7 +37 32 81 
R Tauri 4 228 + 9 56 8d R Draconis 16 32.4 + 66 58 13f 
S 4 23.7 + 9 44 12d S Herculis 16 47.4 15 711d 
R Aurigz 5 9.2 +53 28 11d ROphiuchi 17 2.0 —15 58 10d 
U Orionis 5 49.9 +2010 6 T Herculis 18 5.3+31 0O f 
RL yncis 6 53.0 + 55 28 13f R Scuti 18 42.2 — 549 31 
R Gemin. 7 1.3 + 22 52 f R Aquilae 19 1.6 8 5 u 
S Canis Min. 7 27.3 + 8 32 9d R Sagittarii 19 10.8 —19 29 s 
R Cancri 8 110+12 2 12d S ™ 19 13.6 —19 12 s 
x ™ 8 16.0 +17 36 12/ R Cygni 19 34.1 +49 58 f 
S Hydrae 8 484 + 3 27 8  * 19 40.8 +48 32 u 
T si 8 50.8 — 8 46 8 X - 19 46.7 + 32 40 t 
R Leo. Min. 9 39.6 + 34 58 12d S Cygni 20 3.4 + 57 42 f 
R Leonis 9 42.2 +11 54 10 RS ‘ 20 9.8 +38 28 9d 
R Urs. Maj. 10 37.6 + 69 18 13¢/ R Delphini 20 10.1 + 8 47 u 
R Comae 11 59.1 +19 20 f U Cygni 20 16.5 +47 35 8d 
T Virginis 12 9.5 — 5 29 1ld V 20 38.1 + 47 47 10: 
R Corvi 12 14.4 —18 42 7d T ieee 20 44.7 — 5 31 s 
Y Virginis 12 28.7 — 3 52 f R Vulpec. 20 59.9 +23 26 8 
T Urs. Maj. 12 31.8 +60 2 1ld : Cephei 21 8.2 +68 5 77d 
R Virginis 12 33.4+ 732 7 21 365 +78 10 9d 
S Urs. Maj. 12 39.6 +61 38 9d S Lacertae 22 24.6 + 39 48 u 
U Virginis 12 4640+ 6 6 91 2 os 22 38.8 + 41 51 u 
V 13 226 — 2 389 Qi S Aquarii 22 51.8 — 20 53 s 
R Hydrae 13 24.2 —22 46 6d X Pegasi 23 16+10 O s 
S Virginis 13 27.8 — 6 41 f § 23 15.5 + 8 22 s 
RCan. Ven. 13 44.6 +40 2 11 R feet 23 38.6 —15 50 s 
S Bootis 14 19.5 +54 16 9d R Cassiop. 23 653.3 50 50 10d 


Note:—f denotes that the variable is probably fainter 


than the magnitude 
13; i, that its light is increasing; d, that its lig 


rht is decreasing; s, that it is near 
the Sun; u, that its magnitude is unknown. 


A Correction to Hagen’s Atlas Stellarum Variabilium.—A mis 
print occurs in the catalogue of comparison stars for 1717 V Tauri. The Aé of 
No. 22 should read minus instead of plus. An examination of the field with the 
23-inch telescope on April 10 showed that the star is correctly plotted on the 
chart, but nothing exists in the position indicated in the catalogue. This star is 
one of the Rumford standards for faint stellar magnitudes. 


ZACCHEUS DANIEL. 
THE OBSERVATORY, Princeton, N. J. 
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Maxima and Minima of Long Period Variables. 

[Computed from Chandler's ‘‘Third Catalogue.” 

elements are in doubt. 
Observatory.] 


A question mark indicates that the 
By Misses Ida I. Watson and Helen M. Swartz of Vassar College 











Maxima. Minima. 
Date No. Star. Date. No. Star. 
July July 
3 2539 R Canis Minoris 7 5758 X Herculis 
3 4315 R Comae 12 6044 S Herculis 
3 5157 S Bootis 16 1761 R Orionis 
t 1805? V Orionis 16 7192 Z Cygni 
14-2625 V Geminorum 18 7261? R Delphini 
14 6624 T Serpentis 22 845 R Ceti 
18 5776 X Scorpii 23 4521 R Virginis 
23 4492 Y Virginis 25 R Pegasi 
24 7450 V Aquarii 26 W Capricorni 
25 3170 S Hydrae 
28 3425 X Hydrae 
29 243 U Cassiopeiae 
29 7944 T Pegasi 
31 4847 S Virginis 
Maxima of U Pegasi. 
Period 4" 29.8. The minimum occurs 2" 15" after the maximum. 
d h d h d h d h 
June 1 1 June 8 O June 15 3 June 23 O 
2 O 9 3 16 24 3 
3 3 10 1 17 O 25 1 
4 1 11 O 18 3 26 0 
5 9) 2 3 19 27 3 
6 3 13 1 20 O 28 1 
7 1 14 O 21 3 29 0 
22 1 30 3 
Maxima of UY (S°) Cygni. 
Period 13" 26™.3. The minimum occurs 1° 55” before the maximum. 
h h h h 
June 1 12 June 8 5 Jnne 16 1 June 23 21 
2 15 ; 9 8 17 4 25 0 
3 18 10 11 18 7 26 é 
4 21 a3 14 19 10 27 6 
5 23 12 Ki 20 is 28 9 
7 2 13 19 21 16 29 12 
14 22 22 18 30 15 
Maxima of Y Lyre. 
Period 125 03".9. 
h h h h 
June 1 23 June 9 O June 16 1 June 23 2 
2 23 10 O 17 1 24 2 
3 23 ll O 18 1 25 2 
4 23 12 0 19 1 26 2 
§ 23 13 O 20 1 Zi 2 
7 0 14 O 21 1 28 2 
8 O 15 1 22 1 29 2 
30 3 





W Andromede..—Dr. E. Hartwig states in A. 
as bright as BD + 43°.474, which is designated 6™.5. 


N. 3858 that this star was 
Since at minimum the star 
sinks below the 11th magnitude, its amplitude of variation is 5 or more magni- 
tudes, so that at maximum it is 100 times brighter than at minimum. 
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SS Cygni.—This star has recently passed another long maximum. Profes- 
sor O. C. Wendell, of Harvard College Observatory, caught it on the rise at 
about the tenth magnitude on March 25, and kindly notified me of it, but for 
various reasons I was prevented from observing it till April 8, when | found it 
slowly decreasing. 

The previous maximum of this star was remarkable for the slowness of the 
rise. This is shown by the following observations made with the 10-inch tele- 
scope at the Bucknell Osbervatory: 


G. M. T. Comparison. Mag. Seeing 
1903 Feb. 5.515 r4v3p 10.29 Very poor 
6.52 r2vip 10.13 - aa 
9.517 civia 9.35 Poot 
10.506 clvia 9.35 Fair 
12.507 b3vlw 8.76 “a 
14.503 b4v0Ow R86 
April 8.771 b2v2w 8.66 
9.889 b3v1lw 8.76 Good 


The last two observations were made with the 9.5 inch telescope here 
ZACCHEUS DANIEI 
THE OBSERVATORY, Princeton, N. J., 
1903, April 16. 





Variable Star 6 Cephei.—In A. N. 3853 Mr. A. A. Nijland, of Utrecht, 
gives the results of a series of observations of this star made in the interval 
1895-1898, from which together with the results of previous observers, including 
Goodricke and Pigott in 1785, he obtains the following formula for the time of 
maximum: 


Maximum = 1840 Sept. 26¢ 10" 06™.2 Bonn M. T 
54 8h 47™ 45°.00 E — 0°.00075 E? — 0°.00000062 E 
or J. D. 2393375.421 Bonn M. T 
54366493 E — 0%.00075 E? — 08.00000062 E 


New Variable Stars 7 and 8.1903.—These are announced in A. N. 38853 
by Dr. E. Hartwig, and their positions for 1855 


are: 

R.A Dec! 
7.1903 Geminorum 6 17 06.6 19° 36’.1 
8.1903 Ursa Majoris 8 52 15 .6 LG 16.9 


The first is BD. + 19°,1347, 9.5" and was noted as missing by Dr. Graff, of 
Berlin, on April 10 and 14,1902. On March 4, 1903 Dr. Hartwig observed a stat 
in this position as-11.5™. In A. N. 3857 Professor Deichmiiller questions D1 
Hartwig’s identification of the star and states that the original BD. record is 
uncertain. 

The second is BD. + 46°.1465, 9.3" and was also noted as missing by Dr. Graft, 
from May 11 to July 6, 1902. Dr. Hartwig found it on March 4,1903, to be 
nearly equal in brightness to BD. 46°.1466, which is given as 8.8". In 4A. N. 


3855 Mr. F. Deichmiiller gives the brightness of the variable as 9.2". 





New Variable 9.19038 Geminorum.—In A. N 


. 8857 Dr. kK. Graff calls 
attention to the variability of the star BD. 22°.1579. 


It is given in the BD. 
as 9.5™, but in 1902 April 14 and May 38, Dr. Graff found nothing in its place ex- 
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cept a star of 11-12 magnitude. This year on March 6 a 12™ star was found in 


the exact place of the star in question, which was observed in the Berlin A. G. 
Zones as 9.8". The star is also Riimker 2101. The position is 

1900.0 R. A. 7" 01™ 35°.83; Decl. + 22° 40’ 59.2 

1855.0 6 58 53.24 +22 44 54 .0 


New Variable 10.1903 Lyrze.—In A. N. 3857 Professor H. Seeliger an- 

nounces the discovery of a faint 
wt 2B? N - o 4° new variable or temporary star 
ot the 12th or 13th magnitude 
near the ring nebula in Lyra. 








The position is shown at X in 
» the accompanying cut. Its 
| 3 image is visible on four plates 
exposed Sept. 2 and 3, 1902 
e 6g’ but is lacking on all other plates 
w | E of this region taken at Miinich. 
} F. Kiistner in A. N. 3860 
% 9 = states that the star is found on 
e ‘ a photograph taken May 24, 

1¢@ 1901 at Bonn. 
xe re In examining the plates 
20 taken at Goodsell Observatory 
covering this region we find 
o IS’ four taken with the 8-inch tele- 
scope with exposures of from 
one to three hours. The star is 









































Ss 


VARIABLE STAR 10.1903 LyrR-®. visible only on _ taken Aug. 
11, 1896, when it was almost 
exactly equal to the lesser component of the double star marked (2) in the cut. 
It is missing on plates taken July 26 and 27, and Aug. 19, 1897. 
The brighter stars shown in the diagram are of about the eleventh magni- 
tude. 
New Variable 11.1903 Andromedz.—This was discovered by Mr. A. 
Stanley Williams upon 8 photographs taken in the interval 1899, Nov. 10 to 
1902, Jan. 30. The variable is one of long period, probably about 265 days, and 
it varies from about 10.0" at maximum to 12.7 at minimum. 
1855 R.A. 1" 30™ 105.9; Decl. + 37° 557.6 
Mr. Williams states that the next maxima should occur about April 29,1903 
and Jan. 19,1904 and the next minimum Sept. 9,1903. 


Its position is for 


A chart of the stars in the vicinity of the variable will be given in our next 
number 





New Variable 12.1903 Geminorum.—This was discovered by Pro- 
fessor Turner upon a photographic plate taken at Oxford, March 16, 1903. It is 
regarded as a new star and will be known as Nova Geminorum. A more extended 
notice of it is given on another page. 


New Variable 13.1903 Geminorum.—This was discovered by Mme. 

L. Ceraski upon a photographic plate taken at Moscow March 19. Its position 
is 
1855.0 R. A. 7" 12.2; Decl. + 31° 09’ 

1900.0 + #62 +31 04 
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and it is near the two stars BD + 3191547 and + 31°1549, souvh of the first 
and northwest of the second. Its period is very near 9.5", and the variation is 
like that of 6 Cephei, the maximum magnitude being 10 and the minimum about 
12.5. 


New Variable 14.1903 Geminorum.—This was 


also discovered by 
Mme Ceraski on a photograph taken March 19, 1908. 


It is at present of the 9.5 
magnitude and is probably at a maximum. The amplitude is about 142 cr 2”, 
Its position for 1855 is 


R. A. 65 52.5; Decl. + 30° 457’. 


The Algol Variable 4.19038, recently discovered by Mme Ceraski 
proves to be an object of unusual interest. The Carnegie Grant has enabled an 
examination of the photographs, taken with the Draper telescope, to be made. 
This has shown that the star has a period of 1.3574 days = 1¢ 8 34.7, and a 
range of 2.4 magnitudes. About half an hour before minimum, the rate of dim- 
inution in light amounts to between two and three magnitudes an hour, and is 
probably greater than that of any other star vet discovered. A minimum was 
predicted here, and was observed photographically and photometrically, 1903, 
March 194 16" 24™, G. M. T. 

HARVARD COLLEGE OBSERVATORY, 

Cambridge, Mass., March 24, 1903. 


EDWARD C. PICKERING. 





GENERAL NOTES. 


This number of our publication appears later than usual because of delay in 
shipment of material. The June and July number will also be a few days late in 
consequence of containing matter belonging to two months instead of one. 


The Bemjamin Apthorp Gould Fund.—Applications for grants of 
money in aid of astronomical investigation may be made by letter to any of the 
Directors undersigned stating the amount desired, the nature of the proposed in- 
vestigation, and the manner in which the money is to be expended. The follow- 
ing information is given for the guidance of applicants: 

The Benjamin Apthorp Gould Fund was established in 1897 by Miss Alice 
Bache Gould, to advance the science of astronomy, and to honor the memory of 
her father by ensuring that his power to accomplish scientific work shall not end 
with his death. The principal is $20,000, vested in the National Academy of 
Sciences as Trustee. The income is to be administered by the undersigned and 
their successors to assist the prosecution of researches in astronomy. 

In recognition of the fact that during Dr. Gould’s lifetime his patriotic feeling 
and ambition to promote the progress of his chosen science were closely asso- 
ciated, it is preferred that the Fund should be used primarily for the benefit of in- 
vestigators in his own country or of his own nationality. But it is further 
recognized that sometimes the best possible service to American science is the 
maintenance of the close communion between the scientific men of Europe and of 
America, and that therefore, even while acting in the spirit of the above restric- 
tion, it may occasionally be best to apply the money to the aid of a foreign inves- 
tigator working abroad. 
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In all cases work in the astronomy of precision will be preferred to work in 
astrophysics, both because of Dr. Gould's special predilection and because of the 
present existence of generous endowments for astrophysics. 

Finally, the Benjamin Apthorp Gould Fund is intended for the advancement 
and not for the diffusion of scientific knowledge, and is to be used to defray the 
actual expenses of investigation, rather than for the personal support of the in- 
vestigator during the time of his researches, without absolutely excluding the 
latter use under exceptional circumstances. 

In addition to the above call for applications the Directors, desiring to stimu- 
late the participation of American astronomers in the attempt to bring up the 
arrears of cometary research, renew the offer to them of the sum of $500 for 
computation of the ‘‘detinitive’’ orbits of comets (see list in A. J. 493, p. 104); 
this sum to be distributed at the average rate of $100 for each computation,— 
the amount to vary according to the relative difficulty of the computation, and 
to be determined by the Directors of the Gould Fund. 

LEWIS Boss. 
SETH C. CHANDLER 
ASAPH HALL 

The Astronomical Journal, March 1903. 


Naval Observatory’s Control.—The old controversy over the question 
of control of the Naval Observatory has been revived by a proposition to trans- 
fer the institution from the jurisdiction of the Navy Department to the jurisdic 
tion of the newly established Department of Commerce and Labor. Some time 
ago the President appointed a special commission to consider which, if any, of 
the scientific institutions of the government should be transferred to the new de 
partment. That commission consisted of Professor Waleott of the geological 
survey; General William Crozier, chief of ordinance; Chief Naval Constructor 
Bowles; Mr. Pinchot of the Department of Agriculture and Mr. Garfield of the 
Department of Commerce. At one of the early meetings of the commission the 
suggestion was made that the commission recommend the transfer of the Naval 
Observatory and the hydrographic office from the Navy Department to the Depart- 
ment of Commerce. These two establishments are now under the administra- 
tion of naval officers, and the proposed transfer would result in placing the 
administration of the two institutions in the hands of civilian scientists. 

There is considerable opposition to the proposition and Rear Admiral Bowles, 
one of the members of the commission has placed himself on record against the 
change. He regards it as important that the Nautical Almanac should be pre- 
pared and naval chronometers should be regulated under purely naval auspices, 
as at present.—Washington Star, April 21, 1903. 


New Photographic Instrument for Yerkes Observatory.— 
Warner & Swasey are now making the mounting for the Bruce 10-inch portrait 
lens. The mounting is to be a modification of the Potsdam 13-inch astrographic 
mounting, and is to carry a ten inch and a six inch portrait lens. The ten inch 
lens is by Brashear, and is already finished. 

The mounting will have some novel features, a five inch guiding telescope, and 
will be altogether the most perfect and powerful photographic instrument in 
existence. 





Beholding the Moon.—There is undoubtedly a no more beautiful sight for 
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the amateur astronomer than to view the Moon, even witha small telescope. I 
have seen many who come on Mondays to visit our small Observatory and who 
pay but little attention to the observation of double-stars, clusters and nebula; 
but as soon as they have a chance to observe the Moon, especially when it is be- 
fore the first quarter, they become enthusiastic and declare that there is no pret- 
tier science than astronomy. After that they begin to like what they did not 
care for before, and they attend promptly on Mondays to our regular practical 
studies. 





Daher Glia» 


The great Italian astronomer Galileo said that “it is a most beautiful and de- 
lightful sight to behold the Moon and to see that it does not possess a smooth 
and polished surface, but one rough and uneven, just like the face of the Earth 
itself, every where full of vast protuberances, deep chasms and sinuosities.”’ 

Since the invention of the telescope everybody has been delighted with ob- 
serving the Moon. 

Mr. Holden says that it is interesting to remember that the poet Milton 
made a visit to Galileo in Florence, and that Galileo must have shown him the 
Moon through his wonderful new telescope. In Milton's “Paradise Lost’ he 
tells us how “the Tuscan artist,’ Galileo, could ‘‘desery rivers and mountains on 
her spotty globe,”’—the Moon’s globe. There were no rivers, as was afterwards 
found out, but there were plenty of mountains. 

On the 13th of March, three days after the full Moon, I was observing our 
beautiful companion, through a fine telescope—from Mailhat, of Paris—Slmm 
aperture and I noticed two splendid craters which were near the terminator and 


on which shone something brilliantly white, as if the purest snow was there. 


The sight was beautiful and I made a sketch which accompanies this note. Long 
and often have I observed the Moon but never have observed such a white color 


on the lunar craters. This white formed a noticeable contrast to the yellowish 
tint of the surroundings. 
The craters which I especially observed that night were Atlas and Hercules. 
LUIS G. LEON. 
City of Mexiee March, 1903. 





Nova Geminorum.—On Saturday night, April 4th, I went to visit my 
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friei.dls of the National Observatory of Tacubaya, very near the City of Mexico, 
and on reaching the great dome where is located the big equatorial, in charge of 
astronomer Mr. José de las Fuentes, I was surprised to know that there was a 
new star in the heavens. Some days before the Observatory had received a cir- 
cular from Harvard College announcing the discovery made by Mr. Turner, from 
Oxford, England. 

In the XIX Century only four new stars were discovered: 

(1). April 28, 1848. In the constellation of Ophiuchi. It was reddish. 5th 
magnitude. 

(2). November 24, 1876. In the constellation of Cygnus. 3rd magnitude; 
yellow. 

(3). August 30, 1885; toward the center of Andromeda nebulz. 

(4). February 1, 1892. In the constellation of Auriga. Discovered by Dr. 
Thomas D. Anderson, of Edinburgh. 

The first new star discovered in the XXth Century was Nova Persei. The 
discoverer was the same Mr. Anderson, who is an enthusiastic amateur. 

The new star Nova Geminorum is actually of 8.5 magnitude and consequently 
-annot be seen with the naked eye, it being necessary to have at least a 61mm 
glass, to see it. 

I saw that night the Nova with the equatorial of the Tacubaya Observatory. 
The Moon was shining very near, but notwithstanding that I could distinguish 
well the reddish color of the new caller. 

The coédrdinates of Nova Geminorum are: 

R.A. 65 37™ 485 Decl. 30° 3’. 

Tracing an imaginary line frome to @ Geminorum the Nova is almost in the 
middle of this line and a little to the west. 

It will be interesting to watch the changes of brightness, which undoubtedly 
this new star will present. PROFESSOR LUIS G. LEON. 

Mexico, April 6th, 1903. 


Correction.—Professor Aitken has just called my attention to the first five 
lines, page 187, PopuLar AsTRoNoMyY for April, 1903. While I think that practi- 
cally all of your readers will be able to correct the errors contained in these lines, 
yet it seems desirable to set you right on the points treated. 

The work on double star astronomy to which you refer, Vol. V. Publications 
of the Lick Observatory, is by Professor Hussey, and Professor Burnham re- 
viewed it very fully in PopuLar Astronomy directly after its publication. Pro- 
fessor Hussey has no connection with Meridian Circle work here; and, in fact, 
has no connection with Meridian Circle work, and, in fact, has never made an 
observation with that instrument. 

The Meridian Circle work is in charge of our senior astronomer, Professor R. 
H. Tucker, and has been in his charge since July 1, 1893. He has done a very 
large amount of work with the instrument, and has published his results quite 
freely. Professor Lewis Boss recently told me that in his opinion Professor 
Tucker’s work with the Meridian Circle has been the most accurate ever done in 
this country. W. W. CAMPBELL. 





Optical Instruments for the Government.—The War and Navy 
Departments have recently given The Warner & Swasey Company of Cleveland, 
Ohio, large orders for Range Finders, Azimuth Telescopes, Telescopic Gun Sights, 
and Prism Binoculars, amounting in value to over $100,000. 
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The Prism Binocular Adopted as the Standard by the U.S. 
Navy.—In the spring of 1902 the United States Navy Department made an 
official test of Prism Binoculars for the pur- 
pose of choosing the most efficient and prac- 
tical instrument for Government use. The 
Warner & Swasey Prism Binocular was 
pronounced superior to all others and recom- 
mended for adoption as the standard for 
the Navy. Large orders were then given 
the Warner & Swasey Company of Cleve- 
land, Ohio, for these glasses, all of which 
have proven entirely satisfactory to the 
officers and the Navy Department. The 
decision, however, was not so satisfactory 
to the makers of other prism glasses, and 
they urgently requested another test. To 


satisfy all, the Department acceded to this 





request, and notified American makers and 
the representatives of foreign makers that an official Board would again be ap- 
pointed for this purpose and named February 2d, 1903 as the date. 
We understand that Prism Binoculars were submitted by the following 
makers: 


The Warner & Swasey Co........ccccccsccrcssoees Cleveland, Ohio. 
The Bausch & Lomb Optical Co............0008 Rochester, N. Y. 
Be ie MC ideisica sa ssnisicnaeonohnnh phaaesiacans khinneiansthabinieonedbed Germany 
NE IIE AN, citi icctsasniacevnnssssiabinanSsscdccsenntociernonan England 
WANE SRE GMa ain sicnsnasnenniteiaicidetiedconakaenenes Germany. 


The finding of this Board, submitted in March, confirmed the previous re- 
ports and tests by recommending the Warner & Swasey Prism Binocular as the 
standard for the Navy. Extensive orders from the Department have since been 
given the Warner & Swasey Company for these prism glasses. 

Previous to the adoption of the Warner & Swasey Prism Binocular last year, 
no glasses of the prism type were in use in the Navy. All of our battleships, gun 
boats and cruisers are now supplied with the Warner & Swasey Prism Binoculars 


and the official reports show that they are giving the fullest satisfaction 


International Catalogue of Scientific Literature.—We have re 
ceived a copy of the International Catalogue of Scientific Literature, division E 
covering the title Astronomy. It is published for the International Council of the 
Royal Society of London and begins with the year 1901, and is an outgrowth of 
the catalogue of scientific papers relating to the scientific literature of the nine 
teenth century. 

The suggestion of such a catalogue may be traced back to Professor Henry of 
Washington, D. C., who suggested it to the British Association for the Advance 
ment of Science in 1855. Its early history is found in the first volume of the 
Catalogue of Scientific Papers issued by the Royal Society in 1867. Twelve 
large quarto volumes have been printed containing only the titles of papers pub- 
lished between 1800 and 1833, arranged under authors’ names. A catalogue of 
scientific papers during the period 1884-1900 is now being prepared by the Royal 
Society of London. 


This great work is undertaken by international cojperation. A conference for 
: hs | 
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this purpose was held in London July 14-17, 1896, and was attended by delegates 
from twenty-two different countries, all of whom seemed interested in supporting 
this great undertaking. 

The branches of sciences included in this catalogue are seventeen in number, 
as follows: Mathematics, Mechanics, Physics, Chemistry, Astronomy, Meteor- 
ology, Mineralogy, Geology, Geography, Paleontology, General Biology, Bot. 
any, Zoology, Human Anatomy, Physical Anthropology, Physiology and Bac- 
teriology. Each volume is complete in itself making therefore, an interesting 
series of seventeen volumes. 

The method of carrying on this work is through regional bureaus. These are 
located in about thirty different places chosen from foreign countries. Matter is 
first sent to these bureaus and then to the one central bureau in London. The di- 
rector of this central bureau is H. Forester Morley. 

The system is thoroughly organized in detail and the persons that have the 
work in charge are scholars of ability. 

The volume before us on astronomy is one of very great value and at sight 


shows the value of this noble enterprise. 
PUBLISHER'S NOTICES. 


Contributors are asked to prepare copy caretully, and write all proper 
names very plainly. If other language than the English is rsed to any consider- 
able extent it should be type-written. Manuscript to be r_:urned should be ac- 
companied by postage for that purpose. 

All Drawings for publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers will send renewal, or order for renewal 
promptly as this publication will not be continued beyond the time for which it 
has been ordered. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should always notify the 
publisher when the copy is sent or the proof returned. They cdnnot be 
furnished later without incurring much greater expense. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. Price per vol. 
ume of 10 numbers to foreign subscribers $3.00. 

All correspondence and all remittances should be sent to 

Wma. W. Payne, 
Northfield, Minn., U.S A. 





